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Gaseous State 


Chapter at a Glance 


1. Boyles’ law: 


РУ = constant (at constant 7 and n) 
2. Chatrie’s law: 
V/T = constant (at constant P and n) 
3. Gay Lussac-Charles’s law: 
Р/Т - constant (at constant V and л) 
4. Avogadro's hypothesis: 
V œ No. of molecules (at constant pressure and temperature) 
5, Gas equalion: 
PV=nRT 
ol PV=(w/m)RT ог = RT (where d is density of gas) 


6. Graham's law of diffusion: 


ry АМ» 

2-7 at constant P and 
5 AM ( T) 
ry 4AÍM; Py 


Б N М . Р, (at constant 7) 
7. Dalton’s law of partial pressure: 
Pr=Pa+Ppt+Pect...... 
and P’, = Рг mole fraction of A 
8. Absolute density: 
mass 


5 : Da 
а= ===; expressed usually in g litre 
volume ' P yng 


= 


. Vapour density: 
Molecular weight = Vapour density x 2 (For gases only) 
10. Different speed terms for molecular motion: 





BR 
"UNT үгү, where иду 18 average speed 


3RT is “ЛЭЭ” 
Наш ; where uy, is root mean square speed 
2КТ А 
UMP = м: where имр is most probable speed 


UMP АУ: пик 1: 1.128 : 1.224 
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11. Kinetic equation: 
РУ= (1/3)т.п.и2 у (m is mass of опе molecule and п is number of molecule) 
12. Kinetic energy: 


2 
K.E/mol = ЕТ 


2 
Average К.Е. ог K.E/molecule = 3 a = Зүг (К is Boltzman constant) \ 
13. Van der Waals’ Equation: 

P 4— |tV- b] = RT (for 1 mole) 

ү? 

na 
P+ R [V -nb] = nRT (for n mole) 

V 


a is van der Waals’ constant for attraction ; b is van der Waals’ constant for volume. 
Also b=4-N-v 
14. Boyle’s temperature (Tp): 
a 
Т,=— 
^ Rb 
15. Critical constants : 
Те: Рр--4;; 
27 Rb 27b 
Тс, P, and Ус are critical temperature, critical pressure and critical volume respectively. 
16. Inversion temperature (Tj): 





У. = 3b 
Ё 


17. Law of corresponding state: 


3 
ы [3V, 1] - 87, 


P,, V, and T, are reduced pressure, reduced volume and reduced temperature respectively. 
18. Mean free path (A): 


3-1 1-2- Бэлэн (с is molecular diameter) 


20. Specific heat and molar heat capacities: 
R 


Ср Су = 


M 
GG, =k 
=. 6, 
с С, 


cp and c, are specific heat at constant pressure and constant volume respectively, 
Cp and C, are molar heat capacities at constant P and V respectively. 
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The Basic Problems with Solutions 


» Problem 1. 


» Problem 2. 


» Problem 3. 


» Problem 4. 
» Problem 5. 


» Problem 6. 


» Problem 7. 


> Problem 8. 


» Problem 9. 


» Problem 10. 
» Problem 11. 


» Problem 12. 


» Problem 13. 


» Problem 14. 


» Problem 15. 


' > Problem 16. 


» Problem 17, 





A vessel of 120 mL capacity contains a certain amount of gas at 35°C’ 
and 1.2 bar pressure. The gas is transferred to another vessel of volume 
180 mL at 35?C. What would be its pressure? 

What will be the minimum pressure required to compress 500 dm! of 
air at 1 bar to 200 dm? at 30°С? 

А gas occupies 300 mL at 127°С and 730 mm pressure. What would 
be its volume at STP? 

Calculate the volume occupied by 7g CO at 27°С and 750 mm Hg. 
Calculate the temperature of 4.0 moles of a gas occupying 5 dm“ at 
3.32 bar. (R = 0.083 bar dm? K^! mol”). 

Calculate the weight of CH, in a 9 dm? cylinder at 16 bar and 27°C. 
(R = 0.083 bar dm? КГ!) 

A desiccator of internal volume one litre containing N, at 1 atm is 
partially evacuated to final pressure of 78 mm of Hg, while 7 remains 
constant. What is the volume of gas at this stage? 

In a certain region of space, there are only 5 molecules per cm? of an 
average. The temperature is 3 K. What is the average pressure of this 
gas. 

Using the equation of state PV = nRT, show that at a given temperature 
density of a gas is proportional to gas pressure P. 

Calculate the density of CO, at 100°C and 800 mm Hg pressure. 

At 0°C, the density of a gaseous oxide at 2 bar is same as that of 
nitrogen at 5 bar. What is the molecular mass of the oxide? 

The density of helium is 0.1784 kg/m? at STP. If a given mass of 
helium at STP is allowed to expand to 1.400 times of its initial volume 
by changing P and T, compute its resultant density. 

Density of a gas is found to be 5.46 g/dm? at 27°C at 2 bar pressure. 
What will be its density at STP? 

Calculate the volume occupied y 8. 5 g of CO, at 31.1?C and 1 Баг 
pressure. К = 0.083 bar litre K^! mor. 

2.9 g ofa gas at 95?C occupied the same volume as 0.184 g of hydrogen 
at 17?C, at same pressure. What is the molar mass of the gas? 
Assuming the same pressure in each case, calculate the mass of 
hydrogen required to inflate a balloon to a certain volume V at 100°С 
if 3.5 g helium is required to inflate the balloon to half the volume V 
at 25?C. 

The densities of an unknown gas апа О, were find 0.2579 kg/m? and 
0.2749 kg/m? at the same P and T. Calculate the mol. weight of unkown 
gas. 
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» Problem 18. 


» Problem 19. 


» Problem 20. 


» Problem 21. 


» Problem 22. 


> Problem 23. 


» Problem 24. 


> Problem 25. 


> Problem 26. 


» Problem 27. 


» Problem 28. 


> Problem 29. 


» Problem 30. 
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А manometer is connected to a gas containing bulb. The open агт 
reads 43.7 cm where as the arm connected to the bulb reads 15.6 cm. 
If the barometric pressure is 743 mm mercury. What is the pressure of 
gas in bar? 

0.75 mole solid 44 and 2 mole О, are heated in a sealed bulb to react 
completely and producing are compound. If product formed is also in 
gaseous state, predict the ratio of final pressure at 600 K to initial 
pressure at 300 K. 

What will be the pressure of the gas mixture when 0.5 litre of Н» at 
0.8 bar and 2.0 litre of oxygen at 0.7 bar are introduced in a 1 litre 
vessel at 27°С? 

What will be the pressure exerted by a mixture of 3.2 g of methane 
and 4.4 g of carbon dioxide contained in a 9 dm? flask at 27°С? 

A closed container of volume 0.02 m? contains a mixture of neon and 
argon gases at a temperature 27?C and pressure 1 х 105 Nm. The 
total mass of mixture is 28 g. If the gram molecular weight of neon 
and argon are 20 and 40 respectively, find the masses of individual 
gases in the container, assuming them to be ideal. 

A jar contains a gas and a few drops of water at T K. The pressure in 
the jar is 830 mm of Hg. The temperature of the jar is reduced Бу 1%. 
The vapour pressure of water at two temperature are 30 and 25 mm of 
Hg. Calculate the new pressure in the jar. 

Pressure of | g of an ideal gas А at 27?C is found to be 2 bar when 
2 g of another ideal gas B is introduced in the same flask at same 
temperature the pressure becomes 3 bar. Find a relationship between 
their molecular masses. 

The drain cleaner, Drainex contains small bits of aluminium which 
react with caustic soda to produce hydrogen. What volume of hydrogen 
at 20°С and one bar will be released when 0.15 р of aluminium reacts? 
4 litre C9H4(g) burns in oxygen at 27°C and 1 atm to produce CO,(g) 
and H,O(g). Calculate the volume of СО, formed at (a) 27°C and 
] atm, (b) 127?C and 1 atm, (c) 27?C and 2 atm. 

How many gram of СаСО, be decomposed to produce 20 litre of 
CO, at 750 torr and 27°С. 

34.05 mL of phosphorus vapour weighs 0.0625 g at 546?C and 
] bar pressure. What is the molar mass of phosphorus? 

The total pressure of a sample of methane collected over water is 735 
torr at 29°С. The aqueous tension at 29?C is 30 torr. What is the 
pressure exerted by dry methane? 

A mixture of gases at 760 mm pressure contains 65% nitrogen, 15% 
oxygen and 2096 carbon dioxide by volume. What is partial pressure 
of each in mm? 


GASEOUS SIATI 


» Problem 31. 


> Problem 32. 


» Problem 33. 


» Problem 34. 


» Problem 35. 


» Problem 36. 


» Problem 37. 


» Problem 38. 
» Problem 39. 


» Problem 40. 


» Problem 41. 


» Problem 42. 


> Problem 43. 


» Problem 44. 


7 


A mixture of hydrogen and oxygen at one bar pressure contains 20% 
by weight of hydrogen. Calculate the partial pressure of hydrogen. 
Calculate the total pressure in a mixture of 8 g of oxygen and 4 g of 
hydrogen confined in a vessel of 1 dm! at 27°С. 

R = 0.083 bar dm? K^! тог. 

A student forgot to add the reaction mixture to the round bottomed 
open flask at 27°С and put it on the flame. After a lapse of time, he 
realized his mistake, using a pyrometer he found the temperature of 
the flask was 477°С. What fraction of air would have been expelled 
out? 

Pay load is defined as the difference between the mass of displaced 
air and the mass of the balloon. Calculate the pay load when a balloon 
of radius 10 m, mass 100 kg is filled with helium at 1.66 bar at 27°C’. 
(Density of air = 1.2 kg т? and R = 0.083 bar dm? K^! тог). 
Calculate the total number of electrons present in 1.4 g of nitrogen 
gas. 

For 10 minutes each, at 27°С, from two identical holes nitrogen and 
an unknown gas are leaked into a common vessel of 3 litre capacity. 
The resulting pressure is 4.18 bar and the mixture contains 0.4 mole 
of nitrogen. What is the molar mass of the unknown gas? 

Through the two ends of a glass tube of length 200 cni hydrogen 
chloride gas and ammonia are allowed to enter. At what distance 
ammonium chloride will first appear? 

Calculate the relative rates of diffusion for 2350ЈЕ, апа 23 *UF,. 
Equal volumes of two gases А and B diffuse through a porous pot in 
20 and 10 seconds respectively. If the molar mass of А be 80, find the 
molar mass of B. 

Calculate the total and average kinetic energy of 32 g methane molecule. 
at 27°С. R = 8.314 ЈК”! тог". 

Calculate the root mean square speed, total and average translational 
kinetic energy in joule of the molecules in 8 g methane at 27?C. 
Assuming a nitrogen molecule spherical in shape and occupying the 
radius 200 pm, calculate : 

(a) the volume of single molecule of gas, 

(b) the percentage of empty space in one mole of М, gas at NTP. 
Calculate the average volume available to a molecule in a sample of 
№, at NTP. Also report the average distance between two neighbouring 
molecules if a nitrogen molecule is assumed to be spherical. Comment 
on the result if the radius of one №, molecule = 2 х 1078 cm?. 
Calculate the compressibility factor for SO», if 1 mole of it occupies 
0.35 litre at 300 K and 50 atm pressure. Comment on the result. 


NUMERICAL PHYSICAL CHEMISTRY 


» Problem 45. Calculate root mean square speed, most probable speed and average 


> Problem 46. 


» Problem 47. 


speed of : 

(a) SO, at STP. 

(b) Ethane at 27°С and 760 mm of Hg. 

(c) О, if its density is 0.0081 g mL"! at 1 atm. 

(d) О, if 6.431 g of it occupies 5 litre at 750 mm. 

(e) О; at 92 cm and 20°С. 

The average speed of an ideal gas molecule at 27°С is 0.3 m sec). 
Calculate average speed at 927°C. 

6.0 g He and 12.0 g Ne molecules both having average velocity 
4 x 102 ms”! are mixed. Calculate kinetic energy per mole of the 
mixture. 
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Answers 

1 ().8 bar; 2. 2.5 bar; 

3. 196.9 mL; 4. 6.23 litre; 

5. SOK; 6. 92.55; 

7. 1 litre 8. 2.04 x 1077! atm 

9. Scc Solution; 10. 1.5124 g litre"; 

11. 70 g/mol; 12. 0.1274 g/litre; 
13. 3 g/dm?; 14. 5.05 litre; 
15. 40g mol"; 16. 28g 

17. 30.02; 18. 1.347 atm or 1.36 bar; 
19. |; 20. 1.8 bar; 
21. 8.31 x 10^ Ра; 22. ти Фата 246 
23. 817mm 24. 1/4; 


25. 2029 mL; 

26. (а) 8 litre, (b) 10.67 litre, (c) 16 litre; 

27. 80р; 28. 124.77; 
29. 705 torr; 

30. N, = 494 mm, O, = 114 mm, СО, = 152 mm; 


31. 0.8 bar; 32. 56.025 bar; 

33. 3/5; 34. 3811 kg; 

35. 4216 x 10? electron; 36. 448 р mol’; 

37. 81.1 cm from НСІ end; 38. 1.0043; 

39. 2052 тог”; 40. 7482.67; 6.21 x 102! J; 


41. 6.84 x 10* cm sec |, 1871.42 J, 62.14 x 1072) 
42. (а) 3.35 х 10-23 cm? per molecule; 43. 3.72 x 10720 ст, 41.4 x 1077 ст; 
(b) 99.9%; 
44. 0711; 
45. (a)3.26 x 10* cm зес ', 2.66 х 10* cm вес |, 3.00 х 107 cm sec”; 
(b) 4.99 x 107 cm sec", 4.07 x 10* cm sec”, 4.60 x 104 ст sec !; 
(c) 1.94 x 107 cm secl, 1.58 x 10* cm sec !, 1.78 x 10* cm sec !; 
(d) 4.83 x 107 ст sec, 3.94 x 10* cm sec !, 4.45 x 10* cm sec !; 
(е) 3.9 x 10* cm sec^!, 3.18 х 10* ст ес”, 3.59 x 10* cm вес”; 
46. 0.6msec™! 47. 808.16 J/mol 
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Solution 


Solution 1. Given, У = 120 mL; P,-1.2bar; 
V,=180mL; Р;-? 
P\V, — Р; (at constant 7) 
12 x 120-Р, х 180 
Р, = 0.8 bar 


Solution 2. Given, И, = 500 dm? ; Р=1 bar; Т, = 30 + 273 = 303 К 


У, =200 402: Р,=?; TT, 
АИ By, 
ji > 
1х 500 = P, x 200 or P, = 2.5 bar 


Solution 3. Given:at Т = 400К, 7, = 273 К (STP) 
И = 300 mL = (300/1000) litre,. У; = 7 
P, = (730/760) atm, Р, = 1 atm. 
ћу РУ, 
Е n 
730 х 300 Ix E, 
760x1000x400 — 273 
У, = 0.1969 litre= 196.9 mL 
Solution 4. Given: wco- 7g; Р = (750/760) atn; mcg 28, Т=300 К 
PV = (w/m) RT 





ын ху 2 0.0821 х 300 
gini Bi 
760 28 қ 


V = 6.23 litre 


Solution 5. Given: n=4, /-5 dm’, Р= 3.32 bar, 


R = 0.083 dm? Баг K^! тог! 
PV - nRT 
332 x 5 = 4 x 0.083 x T 
T=50K 


Solution 6. Given: P=16bar; У-94т: Т=300К; тсн, = 16; 
R = 0.083 bar dm? К^! 
PV= (w/m) RT 
16 x 9 = (w/16) x 0.083 x 300 
w=92.5g 
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Solution 7. The volume of vessel remains constant and some moles are given ош. 
Thus volume of gas = 1 litre. 





5 
Solution 8. Given n "OBI = qe cm? = 10? litre, T=3K 
5 х 
_3 5x 0.0821 x 3 
Doleo к хоу 
6.023 х 10 
Р-2.04 x 107! atm 
Solution 9. PV = nRT .4(1) 
м | и | 
РУ= —RT |^" n-2— 
m N т} 
w 2.) шан 2 
y T or a ЕГ ...(2) 


By eq. (2) а! constant temperature for a given gas d < Р 


Solution 10. Given: Р -(800/760)atm; Т-100-273-373К, тсо, = 44 
РУ = (м/т) RT 
w/V = density (d) 
w/V =d=(Pm/RT) (К = 0.0821 litre atm K^! mol !) 








dez ариг inel 
760x00821x373 ^7 8 re 
Soluti 11 d= £m 
solution . RI 
Pn, XN, | Бус X Moxide 
RT RT 
5x28 2 x mol. mass of oxide 
RT — RT 


Molecular mass of gaseous oxide — 70 g/mol 


Solution 12. Given T — 0.1784 kg/m? = 0.1784 g/litre at STP 
а= у 


It means 1 litre of gas at STP occupies 0.1784 g weight 
Now by changing P the V becomes 1.4 x 1 litre, where weight remains 
same. 


‘Thus, d= = =——— = 0.1274 kg/m? = 0.1274 g/litre 


Solution 13. dip) 5.46 рат“, 7-300К, Р=2 bar 


du^ 7, 7-273К, P=1 bar 
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Solution 14. 


Solution 15. 


Solution 16. 


Solution 17. 


Solution 18. 
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ep Pm RT 


d, 81 ер, т, (m, = m; Юг same gas) 
546 _ 2x273 
d 1х 300 
4-3 g/dm? 


Given: P=1 bar, и 8.8 р, т= 44, 
T= 304.1 K, К-0.083 bar litre К^! mor! 





м 
PV=— RT 
m 
_ 88x0083x3041 ер 
m + xl = 5.05 litre 
For gas: и = 2.9 р Т = 95 + 273 = 368 К, 
ЁогН,: и = 0.1846 T= 17 + 273 = 290 K, 
Since, Vy, = Vo Рн, =Р 
ng Ty = пи, Th, 
29 0.184 
-- х368 = х 290 
m-40g mor! 
For H;: Px V=~xRx373 (V is volume of balloon) 
For He: АС, 
ог Не: "T 
Ун, = 2.8 g 
w d 
Px V= —RT=— RT 
m m 
d 
or Р= — — RT- mer 
Vxm 
0.2579 2 Я 
For gas : P= "NA (-: 0.2579 kg/m” = 0.2579 g/litre) 
02749 
For О, : HE 32 КТ 
т = 30.02 


The height developed due to pressure of gas = 43.7 - 15.6 = 28.1 ст 
h.d.g. = 28.1 х 13.6 x 980 = 374516.8 dyne/cm? 


" 3745168 
76 x 13.6 x 980 





atm = 0.37 atm 


+ 
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Solution 19. 


Nolution 20. 


Solution 21. 


Solution 22. 





thdy 


gas Рат 


743 d 
Ps = + 0.37 = 1.347 atm (7, 


760 


1347 аге 
0.987 ар 


4) + Ох) ——> 406 
0.75 2 0 
0 0 | 
g-atoms of 4 = 0.75 x 423 
g-utoms of O22x2-74 
‘Thus compound formed is 4304 
Initially only О» was there 
Finally only 430, is there 


P,xV=2x кх 300 
Ррх V= 1x Rx 600 


г 
А. 2. 
ог p 


“PV Ё 08x05 04 
For H;: n= Rr RT RT 
07х20 14 
RT RT 
Total moles in mixture = od — 5 ЈЕ = d. 
RT RT RT 


Using, PV — nRT for 1 litre container 


For О, : п= 


18 
Now, Р араас Х 1 “РТ х АТ= 1.8 Баг 


= nRT 
32, 44 


743 


760 


n= non, taco, 7 7. 703; У=9 dm? = 9 litre, 


16 744 
Рх9= 0.3 х 0.082 x 300 
Р = 0.82 atm = 0.82 x 1.013 x 10? Pa 
= 8.31 x 10 Pa 


Given V=0.02 m), T= 300K, P=1 x 10° Мт, В = 8,314 1 


Let a and b g be mass of Ne and Ar respectively. 
Thus a+b=28 


a 
Also total mole of Ne and Аг = == + т 


Thus from РУ nRT 


13 


atm) 


40) 
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20 40 
2a + b= 32.0 (ii) 
By ед. (i) апа (ii) a=21g 
b-24g 
Solution 23. АТК, gas = Рагу даг + D nue 
Рагу ваз 7 830 – 30 = 800 mm 


3 а b 
1 x 10° x 0.02 =| -—+-- |х 8.314 х 300 


Now at new temperature T, = Тэд —0.99 T 


P 
Since И, = №; y const. or 


800 x 0.997 


Гау gas = T = 792 mm 


Peas > Рагу gas E P moisture 


= 792 + 25 = 817 mm of Hg 


Solution 24. Given forgas 4 :w=1g, Т-300К, P=2 bar 
For gasB:w=2g, T=300K; P=3-2= 1 bar 
(gas B + gas А) mixture shows a pressure = 3 Баг 
WA МЕ 
For A: PAV= TA RT; For В: PyV.— ae RT 


РА Wa Тв. 
Pg Ув ТА 





2 | A 
“ош су 
1 2 ТА 
тА _1 = 
тр 4 тв = 4 ТА 
Solution 25. ЗА! + 2NaOH + 2H;0 --» NaAlO, *3H, 
ин 015 
nitial moles 27 — — — 
Final mol 3,015 
па! moles — — a 2 27 
_ 015х3 _ 3 
Moles of H5 = 2x27] ^ 8.33 x 10 


By PV =nRT P = 1 bar = 0.987 аш: 
Т = 20 + 273 = 293 К 
0.987 x V= 8.33 х 1073 x 0.082 х 293 
V = 0.2029 litre = 202.9 ші. 
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Solution 26. 





Solution 27, 


он от 28. 


oe 


Solution 29. 


Solution 30. 


Solution 31. 


СН) + 305, > 2202) + 21206) 
(a) Under same conditions of P and 7, volume of gases react in their 
inole ratio and produce the products in the same molar ratio. ‘Thus, at 
27°C and 1 atm. 
1 vol. or | mole of C,H, gives = 2 volume СО, 
4 vol. of C,H, gives = 2 x 4 volume CO, = 8 litre CO, 








BY Now. зб anda HL == 1x8 Пху 
+ ше Яш. ір ^ 30 40 
V = 10.67 litre 


(с) Similarly at 27°С and 2 ай: 
V = 16 litre 


CaCO. ——* Сао + СО, 
It is thus evident that 1 mole of CO, is obtained by decomposition of | 
mole of CaCO}. 


Al les of CO E E I ханд) 
50 motes 014422 "RT 760х00821х300 
Thus, mole of СаСО; required = 0.80 


Also amount of CaCO; required = 0.8 x 100 = 80 g 
Given : У = 34.05 mL, м = 0.0625 р; T = 546 + 273 = 819 К, Р = 1 bar. 


М 3-1 -1 
PV= mee (R = 0.083 bar dm K mol” ) 
М 34.05 0.0625 00835819 
кт eX х 
1000 : 
т = 124.77 


Р total ^ P dry methane +P water 
735= Рау methane * 30 
P dry methane ^ 705 torr 


Since, P' = Рм x Mole fraction 
65 
Py, = 760 x 100 ^ 494 mm 
РУ, = 160 х -È = 114 
о; 100 e 
Ho, = 760 x 20. = 152 
t - х = = 
со, 100 e 
Weight of Н» = 20 р іп 100 р mixture ; Weight of О; = 80 р 
20 


Moles of H, = — = 10 
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| Moles of O,= 22 = = 
| 5 oles of 0; = 35 = 5 
! тоосоо е 
! л otal moles = eeu 
| P'y, = Рт х mole fraction of H, = 1 = 
|| ан T 
| н, = Рт х mole fraction of Н, 3875 
| = 0.8 Баг 
^ ‚ 8 1 4 
| Solution 32. Moles of O, = 274 Moles of H, = 75 2 


1 9 
Total moles of both gas (п) = 4 +2= 4 
У = 1 дат, T=300K, К = 0.083 bar dm? K^! тог! 
Y PV = nRT 
_ 9x 0.083 x 300 


| 3, 4х1 = 56.025 Баг 


| Solution 33. Initial mole of air in flask = т; Temperature = 27 + 273 = 300 К 


Final mole of air in flask = n, Temperature = 477 + 273 = 750K 
The volume and pressure remains constant, thus, 717) = nT) 


_ п: х300 _ 2 
"o о 51 
Thus, air expelled ош on heating = пу — n; = n – (2/5)п = 3/5 ny 
ог fraction of air expelled = 3/5 
Solution 34. Weight of balloon = 100 kg = 100 x 10? g= 10° g 


4-4 4 22 3-3 
Volume of balloon = qu а x (10 х 100) ст 


= 4190 x 109 cm? = 4190 x 10? litre 
Рут _ 166х 4190 х10" x4 

ЁТ 0.083 х 300 

= 1.117 x 10° р 


Total weight of (gas + balloon) = 11.17 x 10? + 10° = 12.17 x 10° р 
Weight of air displaced (Volume x density) by balloon 


Weight of the gas filled in balloon = 


_ 12x4190x 10* 
10° 

Pay load = 50.25 x 10° — 12.17 x 10° 238.11 x 1076 
= 3811 kg 


= 5.028 x 10$ g 





>. 
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Solution 35. 


Solution 36. 


Solution 37. 


14 
№ = 1.4 в = 28 mole 


| mole N, has 14 №, electron 
14х14х М, 


(М, = 6.022 x 1023) 


14 
» mole М, has electron = 0.7 N, electron 


28 5 
= 4.216 x 10? electron 
Gas № 
V =3 litre 
lor the diffusion of both gases for 10 minutes under identical conditions 
ri My 
Tn я | M, 
n, 10 | 28 
105, "da Слет 30 
95”, УМ, ( ) (1) 
For mixture in vessel : 
PV = nRT 
4.18 x 3=n x 0.083 x 300 
Amix = 9.29 mole 
Ng = gi — Им = 0.50 – 0.40 = 0.10 ...(2) 
By eq. (2) and (1), 
оло _ [28 
ол үм, 


28х04х04 
0.10 x 0.10 


на! 
NH, 


«4— — 8 —»«-(200 ~ a) —» 


Let a cm from НСІ end white fumes of МН,СТ are noticed. 


From Graham's law : 
[17 


М, = = 448 g тог! 


мс _ | Мын, В жат 
пн, Y мна ^ 9 1 (200-a) 1365 


dun of diffusion in tube for both is same) 
a = 81.1 ст from HCI end. 
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Solution 38. According to Graham's law of diffusion 


Solution 39. 


Solution 40. 


Solution 41. 


Since 


n № 


n VM 
M.wt.'of 7°UF, = 349 


07 852 = 1.0043 
Tate. 349 . 


М.м. of SUFs = 352 


A | 
т УМА 
V „10 ч [My iu volume diffused ) 
20 V Yso time 
_ 10x10x80 -30 г! 
pr 20500: 57 
3 328532 
Total kinetic energy = 7 "КТ a5 Sie Х 8.314 x 300 
= 7482.6 J 
3 RT 3 8314x300 


Average kmetic energy = = — = — 


Now 


1 
2. KE for 2 тое СН, = 


= 6.21 x 10?! J 


Т= 27 + 273 = 300 К 
К = 8.314 x 107 erg 


3RT^ ( 7. 
us for cH, - 222) - ше 


| 
= 6.84 х 10* ст sec! 


1 
KE/mol of СН. = 2 Ми? 


1 
=> x 16 x (6.84 х 105? 
= 37428 x 107 erg тог! 


_ 37428 х 108 | 


37428 х 108 
== CH joule 


27 ee 5510) 
= 1871.42 Уоше 


GASEOUS ЗАП m 
А E. K.E/mol _ 374.28 x 10" 
е Kinetic спе 
verag БУС Ау. №. 6023x102 


= 62.14 x 1075 erg 
= 62.14 x 10722 joule 


4 
№ Solution 42. (а) Volume of | molecule = таг (spherical shape) 


лың 3 
2 
( 200рт-2х10%ст)- 492. (2 х S 
P 3 7 
= 3.35 x 10723 cm? per molecule 


(b) Now volume of М molecules of N, = 3.35 x 10723 x 6. 0 х 1023 


= 20.177 = 20.20 cm? рег то! 
At NTP, volume of 1 mole = 22400 cm? 
Thus, empty space = 22400 — 20.20 = 22379.8 cm? 


ла 4 _ Empty volume | 100 
us, еешрр араке чае 


_ 223798 


= 22490 * 100 
= 99.9% 





Solution 43. Volume occupied by У molecules of М; = 22400 cm’ 


22400 


6.02 x 1023 
= 3.72 х 10720 em? 


. Volume occupied by 1 molecule of N, = 


i 4 
Also volume of 1 molecule of М; = 3 nr? 


2 
xp = 3.72 x 1079 
ғ =20.7 x 10% ст 

Thus, average distance in between two М, molecules = 2 x r 

= 41.4 x 10 3 cm 
Given radius of N} = 2 x 107% cm; obtained radius is 20.7 x 1075. Thus, 
it means that average distance between two molecules is gaseous state 
is almost 10 times of the diameter of each molecule. This confirms the 
empty space in gaseous state and also a reasonable justification for their 
compression. 


e Solution 44. Given: P-50atm, 7-300 K, V.— 0.35 litre, т = 64. 


шад 50х 0.35 4 
25 MT 1х00821х300 0! 
The 2 values are lesser than 1 and thus, nRT > РУ. This means to attain 
2-1, volume must have been more at same P and T ог we can say that 


SO, is more compressible than ideal gas. 
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NUMERICAL PHYSICAL CHEMISTRY 


(a) Given: Т-273К 
3RT _ |3x8314 x10? x 273 
of SO, = p EBEN 
Urms 237 M 64 
= 3.26 x 10* cm вес”! 
Now имр = Ums X 0.816 = 2.66 x 104 ст sec ! 


иду = Ums X 0.9213 = 3.00 х 10* ст бес! 


Ум | 30 
= 4.99 х 104 ст sec! 
( Given 7=273 + 27 = 300 К) 


Note: If T is given, always use upp; = JORT] M) 


Calculate имр and иду as above 
имр for СҢ; = 4.07 х 104 em вес! 
иду for С,Н, = 4.60 x 104 cm sec! 


(c) Given density (d) of O, = 0.0081 g mL'!, Р = 1 atm 


ides [3х1х 16 136x981 
ime" үз 0.0081 


= 1.94 x 10° ст вес! 

Calculate имр and и p as above 
мр = 1.58 x 10° em sec" " 
no 1.78 х 104 cm sec"! 


(d) Given for O, : м = 6.431 р, V=5 litre, Р = 750 mm. 
Using PV=(w/m) RT 
750 . 6. = 
ү ДА 
760 


(b) Urms ОЁ C2H6 — 





x 0.0821 x T 
ын цан 


ЕВА 
Urs = 


= 4.83 x 107 ст вес! 
имр = 3.94 х 104 ст sec” 
иду = 4.45 х 104 cm вес” 


(e) Given for O4: T= 293 К, P = (92/76) atm 


р pager 


= 3.9 x 10* ст sec! 
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имр 3.18 х 10* ст sec ' 
иду 3.59 х 10* ст sec! 


Solution 46. Average speed ИУ = ЗАТ) / (лм )] at temperature Тү; 


4, ши tt ture 7: 
i = (251, : 
? АМ, тм temperature 7;; 








BRT, 
u = 
АМ, ЕМ 
сл _ (2 
МАМ, Ђ 
оз _ [300 

аа ма. лт > _ 

pog о vnb Das 300 22 7 1200 ЕЈ 


uav, = 0.6 т sec! 


Solution 47 = |27 
"топ 2 ил ІМ 
Еог Н 4 х 105 Y SRT Mink 
9 х == T——————— 
or He хх4х 10-3 (M in kg) 


ы. 16x10* x xx4x10? 





RT -80л 


8 
8RT 
For Ne : 4x Ree, геа (M in kg) 


_ 16x10* x 1x 20x 1073 
8 


RT = 400 п 


3 
KE = > nRT 


36 
Total KE of He => X x 80 = 565.71 J/mol 


3 12 
Total KE о{Ме=у * 55 * 400 x = 1131.42 J/mol 


Total KE of mixture = 565.71 + 1131.42 J = 1697.14 J/mol 


6 12 
Total mole in mixture "a у =1.5+0.6=2.1 





, 1697.14 
KE/mole of mixture = = та = 808.16 J/mol 
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» Problem 1. 


» Problem 2. 


» Problem 3. 


> Problem 4. 


> Problem 5. 


> РгоМетп 6. 


> Problem 7. 


> Problem 8. 


NUMERICAL PHYSICAL CHEMISTRY 


Selected Problems with Solutions 





An evacuated bulb of unknown volume is filled with a sample of Н» gas 
at a temperature T. The pressure of the gas in the bulb is 756 mm Hg. 
A portion of the Но gas is transferred to a different flask and found to 
occupy a volume of 40.0 mL at 1.00 atm and the same temperature 7. 
The pressure of the H5 gas remaining in the original bulb drops to 625 
mm Hg at the same temperature Т. Assuming Нә is an ideal gas, what 
is the volume of the bulb? . 


Two flasks of equal volume connected by a narrow tube (of negligible 
volume) are а%279С and contain 0.70 mole of H3 at 0.5 atm. One of the 
flask is then immersed into a bath kept at 1279С, while the other remains 
at 27°C. Calculate the final pressure and the number of mole of Н in 
each flask. 

Ап open flask contains air at 27°С. Calculate the temperature at which 
it should be heated so that, 

(a) ird of air measured at 27°C escapes out. 


(b) ird of air measured at final temperature escapes out. 


A bulb of three litre capacity filled with air is heated from 27°C to ГС. 
The air thus, expelled measured 1.45 litre at 17°C. Considering the 
pressure to be 1 atm throughout the experiment and ignoring the 
expansion of bulb, calculate 1. 


The density of helium is 0.1784 kg/m at STP. If a given mass of helium 
at STP is allowed to expand 1.40 times of its initial volume by changing 
the temperature and pressure, compute its resultant density. 

A spherical balloon of 21 cm diameter is to be filled up with Но at NTP 
from a cylinder containing the gas at 20 atm 27°С. The cylinder can hold 
2.82 litre of water at NTP. Calculate the number of balloons that can be 
filled up. 

A 2 litre vessel is filled with air at 50°С and a pressure of 3 atm. The 
temperature is now raised to 200?C. A valve is now opened so that the 
pressure inside drops to one atm. What fraction of the total number of 
moles, inside, escaped on opening the valve? Assume no change in the 
volume of the container. 

In a basal metabolism measurements timed at 6.0 minute, a patient 
exhaled 52.5 litre of air, measured over water at 20?C. The vapour 
pressure of water at 20°С is 17.5 torr. The barometric pressure was 750 
torr. The exhaled air analysed 16.75 volume per cent of oxygen and the 
inhaled air 20.32 volume per cent of oxygen, both on a dry basis. 
Neglecting any solubility of the gases in water and any difference in the 
total volume of inhaled and exhaled air, calculate rate of oxygen 
consumption by the patient in mL (STP) per minute 
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> Problem 9. 


У 


Problem 10, 


> Problem 


> Problem 12. 


v 


Problem 13. 


v 


4. 


> Problem 15. 


® Problem 16. 


» Problem 17. 


5.0 litre water is placed in a closed room of volume 2.5 x 10! litre having 
temperature 300 К. If vapour pressure of water is 27.0 mm and density 
is 0.990 giem” at this temperature, how much water is left in liquid state. 
How much water vapour is contained in a cubic room of 4 m along an 
edge if the relative humidity is 50% and the temperature is 27°C? The 
vapour pressure of water at 27°C is 26.7 torr. (The relative humidity 
expresses the partial pressure of water as a per cent of water vapour 
pressure). 

А closed container of volume 0.02 m` contains a mixture of neon and 


= E] 
argon gases at a temperature of 27°C and pressure of 1 x 10" Мли“. The 
total mass of the mixture is 28 2. If molar masses of neon and argon аге 


апа 40 р mol! respectively, find the masses of individual gases in 
the container, assuming than to be ideal. (R = 8.314 J/mol-K) 

44 р dry ice is placed in a bottle of | litre capacity and tightly corked. 
Calculate the total pressure in bottle after complete evaporation of dry 
ice at 300 K. 


A tightly sealed 25.0 litre acetone drum was found to have 15.4 litre 
acetone (1) аг 780 mm Hg pressure and 18°C. Suddenly during transpor- 
tation the drum was dented and its internal volume was found to decrease 
by 4.6 litre. If vapour pressure of acetone at 18°C 1$ 400 mm of Hg, 
calculate the pressure inside the drum after denting. 
100 g of an ideal gas (mol. wt. 40) is present in a cylinder at 27°C and 
2 atm pressure. During transportation. cylinder fell and а dent was 
developed in cylinder. The valve attached to cylinder cannot keep the 
pressure greater than 2 atm and therefore 10 g of gas leaked out through 
cylinder. Calculate : 
а) the volume of cylinder before and after dent. 
(1) the pressure developed after dent if valve can withstand any pressure 
inside the cylinder. 
The vapour pressure of water at 80°С is 355 torr. A 100 mL vessel 
contained water saturated oxygen at 80°C, the total gas pressure being 
760 torr. The contents of the vessel were pumped into a 50.0 mL vessel 
at the same temperature. What were the partial pressures of oxygen and 
water vapour, what was the total pressure in the first equilibrated state? 
Neglect volume of any water which might condense. 
А certain container has 5 x 10^ molecules of a gas À at a pressure ol 
900 torr. By а photo-chemical combination allowing light to fall on the 
molecules, the pressure drops to 500 torr due to dimerization. If the 
temperature and volume remain the same, how many monomer, dimer 
and total molecules are present after exposure to light? 
А container holds 3 litre of No(g) and НэО() at 29°C. The pressure is 
found to be | atm. The water in container is instantaneously electrolysed 
to give Н» and Оз following the reaction, НэО(1) > H5(g) + (и). 


А! the. end of electrolysis the pressure was found to be 1.86 айп 
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» Problem 18. 


> Problem 19. 


» Problem 20. 


> Problem 21. 


» Problem 22. 


» Problem 23. 


NUMERICAL PHYSICAL CHEMISTRY 


Calculate the amount of water present in the container if the aqueous 

tension of water at 29°C is 0.04 atm. 

Three hollow metallic boxes A, B and C are connected to one another 

through narrow tube of negligible volume and are filled with Argon gas. 

If the internal volume of these boxes are in the ratio | : 2 : 4, find out 

(a) The molar ratio of Argon in these boxes. 

(b) The mole ratio of Argon if boxes A, B and C are immersed in 
different temperatures bath having 27°C, 127°C and 327°C 
respectively. 

A 10 cm column of air is trapped by a column of Hg, 8 cm long is 

capillary tube horizontally fixed as shown below at | atm pressure. 

Calculate the length of air column when the tube is fixed at same 


Ve iine ү с Бшш 
ны 


10 ст 8 ст 
(а) Vertically with open end up, 
(b) Vertically with open end down, 
(c) At 45? from horizontal with open end up. 
A vertical hollow cylinder of height 1.52 m is fitted with a movable 
piston of negligible mass and thickness. The lower half of the cylinder 
contains an ideal gas and the upper half is filled with mercury. The 
cylinder is initially at 300 K. When the temperature is raised half of the 
mercury comes out of the cylinder. Find the temperature assuming the 
thermal expansion of mercury to be negligible. 
À mixture of 0.5 mole of CO and 0.5 mole of CO» is taken in a vessel 
and allowed to effuse out through a pinhole into another vessel which 
has vacuum. If a total of A mole has effused out in time 1, show that 
MA + Мо(1 – А) = 36, where M, and M» are mean molar masses of the 
mixture that has effused out and the mixture still remaining in vessel 
respectively. 
One molecule of haemoglobin will combine with four O molecules. 11 
1.0 g of haemoglobin combines with 1.53 mL of oxygen at body 
temperature (37°С) and a pressure of 743 torr, what is the molar mass 
of haemoglobin? 
А closed bulb contains 0.01 mole of inert helium gas and a sample of 
solid white NH4CI. The pressure of the He is measured at 27°С and is 
found to be 114 mm Hg. The bulb is then heated to 327?C. AII the 
МНАС! decomposes according to the equation: 
NH,Cl(s) = NH3(g) + HCl(g) 
The final total pressure in the bulb after complete decomposition of solid 
is 908 mm Hg. Assume all the gases are ideal. 
(a) What is the partial pressure of HCl(g) in the bulb at 327°C when 
reaction is complete? 
(b) How many grams of NH4Cl(s) were in the bulb at 27°C? 


m 
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24. 


29. 


30. 


M. 


м 
Un 


А man weighs 72.15 Ку and want to fly in the sky wath the aid. ol 
balloons itsell weighing 20 Кр and cach contammy SO moles of Ebo pas 
at 0.05 atm and 27°С. Пиће density of air at the given conditions ts 1,23 
Лиге, how many such types of balloons he is needed to fly in the sky. 
The rate of diffusion of a sample of ozonised oxygen is 0.98 times more 
than that of pure oxygen. Find the percentage (by volume) of ozone m 
the ozonised sample. Also report percentage by weight. 

Calculate the temperatures at which the molecules of the first two 
members of the homologous series C,H, 42 will have the same RMS 
speed as CO» gas has 770 К. 

The ratio rate of diffusion of gases А and B is | : 4. If the ratio of then 
masses present in the initial mixture is 2 : 3, calculate the ratio of then 
mole fraction. 

At 20°C, two balloons of equal volume and porosity are filled to à 
pressure of 2 atm, one with 14 kg № and other with | kg of Ho. The 
М» balloon leaks to a pressure of 1/2 atm 1 hr. How long will it take 
for По balloon to reach a pressure of 1/2 atm? 

The pressure in bulb dropped from 2000 to 1500 mm of Hg in 47 minutes 
when the contained О» leaked through a small hole. The bulb was then 
completely evacuated. А mixture of Оо and another gas of mol. wt. 70 
in the molar ratio 1: 1 at a total pressure of 4000 mm of Hg was 
introduced. Find the mole ratio of two gases remaining in the bulb айо 
а period of 74 minutes. 

Calculate the rms speed of hydrogen molecule which occupies 22.1 
dm at S/T.P. 

It has been considered that during the formation of earth, Но gas wis 
available on our planet. Due to excessively high temperature during th: 
formation of earth, Но gas escaped out of the planet. If average escapiny 
velocity of H» is 1.1 х 109 cm/sec, what was the temperature at the tiim 
of earth formation. 

The critical temperature and pressure of СО) gas аге 304.2 К and 72.9 
atm respectively. Calculate the radius of CO» molecule assuming it to 
behave van der Waals'gas. 

400 moles of van der Waals’ gas having b = 0.02 L тој“ are contained 


in а 1000 litre vessel. The temperature and pressure of the gas are ДОО 
К and 90 atm respectively. Calculate the pressure of the gas at 700 К 
Calculate the % of the free volume available in | mole gaseous watet 
at 1.00 atm and 100°C. Density of liquid water at 100°C is 0.958 
giem’. 

If the rate of change of rms speed of a gas is twice the rate of ehinpe 
of absolute temperature, calculate the rms speed of Ne. 

(At. Wt. of Ne z 20). 
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» Problem 36. 


> Problem 37. 


NUMERICAL PHYSICAL СІН MiSs Tay 


The density of vapours at 1.0 atm and 500 К is 0.35 Күйіп ‘The Via ours 

effuse through a small hole at a rate of 1.33 (ines. Taster than oxygen 

under similar conditions. Calculate : 

(a) molecular weight 

(b) molar volume 

(c) compressibility factor and which forces predominates 

(d) if vapours behaves ideally at 1000 K, the average translational 
kinetic energy. 

One litre of a gas at 300 atm and 473 K is compressed to a pressure of 

600 atm and 273 K. The compressibility factors found to be 1.072 and 

1.375 respectively at the initial and finally conditions. Calculate the final 

volume. 
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Answers 
ии. 2. 0.5714 мт ; 
ы (и) 1777€, (b). 127°C ; 4. 27С 
8. 011274 Кули“ 6. 10 
7. 0717 , 8. 280 mL/minute ; 
9. q VE] інге; 10. 8244 2: 
И. Neon = 4 g, Argon = 24 2 ; 12. 25.63 atm 
EV 1129.6 mm ; 14. 30.79 litre, 27.71 litre. 2.22 atm 
^3, 24 
LS, 910:ниг 355 tort, 1265 torr: 16. x 105 x 10 x 10 ; 
9 .9 j 
17, 1240: 18. (a) 1:2:4, (b) 2:3:4: 
19: 1a) О cm, (b) 11.18 ст, (с) 93 ст: 
%ю Wak: 21. See solution ; 
11. 64x10! : 23. (а) 0.447 atm, (b) 0.797 в: 
24. 1, 
25. 8.25% by volume of Оз, 11.88% by weight of Оз ; 
J6. КОК. 525 К 27. 0.347 ; 
УН. [6 minute ; ЗЭ2 12012236. 5 
№. 154 X 107 m/sec ; 31, 11425 К 
2. 102х10 cm ; 33. 99.93 atm ; 
М. 99918006: 35. 311.775 тв”! 
ће. (и) 18.1. (b) 51.71 litre, (c) 1.26, (d) 2.07 х 1079 у 
M. O47 tite 
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Problems for self Assessment 


|. А L5 litre sample of a gas having density 1.25 kg/m! al LO atm and O C was 
compressed to 575 atm resulting a gas volume of 3.92 си in violation of Boyle's 
law. What is the final density of this gas? 

Жо An open vessel а! 27°C is heated until 3/5th of the air in il has been expelled 

Assuming that the volume of the vessel remains constant, find out 
(а) The temperature at which vessel was heated. 
(›) The air escaped out if vessel is heated to 900 К. 
(e). The temperature-at which half of the air escapes ош. 

1, A bulb was heated from 27°C to 227°C at constant pressure. Calculate the volume 
eb bulb i, 
uu 200 пи ef am measured at 227°C was expelled during process. 
ia 200111, of air measured at 27°C was expelled during process. 

1 АТОО пп tank is constructed to store LNG (liquefied natural gas, СІ I4) al 


ТУС and Г atm pressure, under which its density is 415 kg/m’, Calculate the 
Мини: ol storage tank capable of holding the.same mass of LNG as a gas at 20°C 
amd РО лин pressure, 
Б larder to economize on the oxygen supply т space ships, it has been suggested 
har ihe охурси in exhaled СО, be converted to water by a reduction with hydrogen 


(he CO, output per astronaut has been estimated as 1.00 kg per 24 hr day. An 
ssperimental catalytic converter reduces CO; at a rate of 600 mL (STP) per minute 
Ми hachon of the time would such a converter have to operate in order lo keep 
up wath the СО output of one astronaut. 

$& pho popnation of a suspension of yeast cells was measured by observing the 
Чуулалагаган pressure of gas above the cell suspension. The apparatus was arranged 

2 

adhat the pas was confined to a constant volume, 16.0 cm”, and the entire pressure 
change cansed by uptake of oxygen by the cells. The pressure was measured in a 


ишпес, the fluid of which has a density of 1.034 giem”. The entire apparatus 
vis immersed in a thermostat at 37°C. In a 30 minute observation period the fluid 
па ће open side of the manometer dropped 37 mm. Neglecting the solubility ol 
is vin m Фе yeast suspension, compare the rate of oxygen consumption by the 


cell an mm of О, (STP) per hour. 
5o Апан bubble starts rising from the bottom of a lake. Its diameter is 3.6 mm al the 


ои and 4 mm at the surface. The depth of the lake is 250 ст and temperature 
» Ө и the surface is 40°C. What is the temperature at the bottom of the lake? Given 
ntiiesphieric pressure = 76 ст of Hg and g = 980 ст sec . Neglect surface tension 
ИШИ 
Н, орог CO; gas was injected into a bulb of internal volume 8 litre at pressure /” 


and temperature T K. When the bulb was then placed in a thermostat maintained 
а11174:115 К), 0.6 g of the gas was lel off to keep the original pressure. Find the 
value of P and T. 
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10. 


12. 


13. 


14. 


15. 


16. 


17. 


2 NUMERICAL PriysaGAt Cur Mis TRY 


‘Two glass bulbs of equal volumes are connected by а marrow tube and are filled 
with a gas at 0°С and a pressure of 76 ст of Hg. One of the bulb is then placed 
in melting ice and the other is placed in a water bath at 62°C. What is the new 
value of pressure inside the bulbs. The volume of connecting tube is negligible. 
The compressibility factor for N, at 223 К and 81.06 MPa is 1.95 and at 373 К 
and 20.265 MPa is 1.10. If a certain mass of N, occupies | litre at 223 К and 81.06 
MPa, what would be its volume at 373 K and 20.265 MPa. 

A mixture of H5O,, СО, and М, was trapped in a glass apparatus with a volume 
of 0.731 mL. The pressure of total mixture was 1.74 mm of Hg at 23°C. The sample 
was transferred to a bulb in contact with dry ice (~75°C) so that Н-О, are frozen 


out. When the sample returned to normal value of temperature, pressure was 1.32 
mm of Hg. The sample was then transferred to a bulb in contact with liquid №, 


(-959С) to freeze out CO». In the measured volume, pressure was 0.53 mm of Hg 
at original temperature. How many moles of each constituent are in mixture? 
Assume that dry air contains 79% N and 21% O, by volume. Calculate the density 


of dry air and moist air at 25?C and | atmospheric pressure when relative humidity 
is 6096, The vapour pressure of water at 25?C is 23.76 mm. 
| Relative humidity is given by percentage relative humidity 

d 100 x partial pressure of water ___ 

Т vapour pressure of water at that temperature 
"Three vessels X. Y and Z are of 1.5, 2.5 and 4.0 litre capacity respectively. Vesse! 
X contains 0.5 g of М» gas at 740 mm pressure. Vessel Y contains | g argon gas at 
480 mm pressure and vessel Z contains. neon at 160 mm. What will be the pressure 
in vessel Z if gases of X and Y are transferred to Z. The temperature during whole 
systems remains constant. 
One litre flask contains air, water vapour and a small amount of liquid water at a 
pressure of 200 mm Hg. If this is connected to another one litre evacuated flask. 
what will be the final pressure of the gas mixture at equilibrium? Assume the 
temperature to be 50°С. Aqueous tension at 50°С = 93 mm Hg. 
The stop cock connecting the two bulbs of volume 5 litre and 10 litre containing 
an ideal gas at 9 atm and 6 atm respectively, is opened. What is the final pressure 
in two bulbs if the temperature remains same? 
A vessel contains 7.1 g chlorine gas at pressure P and temperature 7 К. On heating 
the vessel to 30? higher temperature, 246 mL of chlorine at | atm and 27°C is taken 
out to maintain same pressure in vessel. Calculate, 
(a) The original temperature. 


(b) If the gas is not allowed to escape out. the pressure increases by 0.11 atm. a, 


Calculate the volume of vessel and initial pressure. 


А thin tube of uniform cross-section is sealed at both ends. It lies horizontally. The 
middle 5 ст containing Hg and the two equal ends containing air at the same 


pressure Ру. When the tube is held at an angle 60? with the vertical, the length of 


ће air column above and below the mercury are 46 and 44.5 cm respectively. 
Calculate the pressure Py in cm of Hg. (Temperature of the system is kept at 30°С) 


Sti 


4 


(іл ОП МАН 45 


Ш 


1 


17. 


А и contains а gas and few drops of water at Г К. The pressure in the jar is 830 
muni ol Ир. The temperature of the jar is reduced 10 99%. The vapour pressure of 
wile! aj two temperatures are 30 and-25 mm of.Hg respectively. Calculate the 
моме m pur. 

А sample ol SE,Obl(g) was contained in a glass vessel of one litre at 25°С and a 
pressure of RO mm. A quantity of N5F,(g) was added to bring in the pressure to 
160 nun, The reaction using SFSOF(g) and N5F4(g) completely produced a variety 
ol products. such as NF4, NO, SiF, (by reaction with glass) and 5Е,, 5О-Е;, 
POE ONF, and МО). The mixture contained 5Е-ОЛЁ, 40% mole with respect 
to reactant SF ОГ). Calculate the mass of ЅЕ;ОМЕ,. Assume atomic weight of 
ЕТ 

Hii) jue ПОГ cquidistant rows of spectators sitting in a hall. A magician releases 
зори vus МО from the front and the tear gas (mol. wt. 176) from the rear of 


Hie Ни spontaneously. Which row spectators will have a tendency to smile and 
чер simultaneously? 


Пи site of diffusion of a sample of ozonised oxygen is 0.98 times more than that 
n] nire oxygen. Find the percentage (by volume) of ozone in the ozonised sample. 
Угээлєрөн percentage by weight. 

А mixture of И, ан О» in the 2 : 1 volume ratio is allowed. to diffuse through а 
porous diaphragm. Calculate the composition of the gases coming out initially. 
N, and He gases are contained in a container, the density of the gaseous mixture 
з Томин to ће 1.35 lit! at 2.1 atmosphere and 320K temperature. If both the gases 


ин: “Пазшр through the constant area of orifice of the container at the 320K, then 
tint out the composition of the mixture effusing out initially. 


Lind the temperature at which 3 mole of SO, obeying van der Waals’ equation 
eccupies a volume of 10 іше м а pressure of 15 atm. 
(00:71 atm li mol? , b = 0.0564 lit то! !). 


пи der Waals’ constant В for a gas is 4.2 х 10 7 litre тој“ !. How close the nuclei 
ul ihe two molecules come together? 


ићи ol a spherical molecule of a gas is 2 x 10 9 em. Calculate: 

{и} Co:volume per molecule, 

thy Co: volume per mole, 

te) Critical volume. 

Reduced temperature. for benzene is 0.7277 and its reduced volume is 0.40. 
Calculate the reduced pressure of benzene. 





“ NUMERICAL УчЧСАЕ CHEMISTRY 


Answers 





1. 478.3 kg/m? ; 


t2 


. (a) 477°С, (b) Ên, (c) 327°C ; 


. (a) 300 mL, (b) 500 mL ; . 6240 x 103 m? ; 
. 58.8% ; . 10x 10? mm?/hr ; 


3 
5 
7. 10.4?C ; Р=0.48 мт, Т=575К; 
9 
1 


- ON ы 


. 83.8 ст of Hg 0. 3.774 litre ; 
1. лн, 22.1 x 105, neg, 23.1 x 108, o = 17 x 103 ; 


12. 1171 g litre! ; 13. 737.5 mm ; 
14. 146.5 mm ; 15. 7 atm ; 

16. (а) 270 К. (b) V=2.239 litre, P = 0.99 atm ; 

17. 75.4 cm of Hg ; 18. 817 mm ; 
19. 0.2455; | 20. 134Ш row ; 
21. 8.25% by volume ; 220 55 

23. 0.438 ; 24. 349.80°С ; 
25. 32х10 ст: 


-22 


26. (а) 1.34 x 107 ст“, (b) 80.71 ст“, (c) 242.13 cm? ; 
27. Р. = 10.358. 


——Mole and Equivalent Concept 


Chapter at a Glance 


Por Moments: 

1. Lg atom = N atoms = g atomic weight 
For Compounds: 

2. | mole = N molecule = g molecular weight 
Duleup Petits law: 

Қ Alomic weight x specific heat = 6.4 (for metals only) 
пуши weight: 

I, É'auivalent weight of element = ЕЕ 

Valence 

Molecular weight (Mol. wt.) 


Total charge on cation or anion 





5. Wquivalent weight of compound = 


6. WMqnivalent weight of acid = о ut. 
Basicity 

Mol. wt. 

7.  I\.quivalent weight of b Sa 
quivalent weight of base Acidity 


Mol. wt. __ У 
Replaceable H atom in acid salt 
9. Kquivalent weight of an ion нЕ оч Ш 
Charge оп ion 
Methods for expressing concentrations: 
Equivalent of solute 
Volume in litre 
wt. 


Il. Equivalent = NX Vj = Бұл 





к. [.quivalent weight of acid salt = 


10. Normality — 


"n 


Milli-equivalent = N x Viin mL) = TT x 1000 


Moles of solute 
Volume in litre 


= 
~ 
E 


Molarity = 


> 


wt. 
Moles = M x Ут у= MESE 


- 
л 


Milli-moles = M x Vis mL) = TR x 1000 


Moles of solute _ 
wt. of solvent (in kg) 
Strength (5) = N x Fq. wt. 


> 


Molality = 
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wt. of solute 














18. 7 ӘНЕ ах 
p. Dy weight wt. of solution 100 
wt. of solute 
. % 1 - 5 
I^. ри Volume of solution 
20. % by strength = Volume of solute 
FP РУ, 5 Volume ог solution 
: . . Moles of solute 
eH uiris osten Зе Moles of solute + Moles of solvent 
Moles of solvent 
22. Mole fraction of solvent = 
Oto se SES A ‘Moles of solute + Moles of solvent 
wt. of solution Я 
23. Speci Ну = қ ie. wt. of 1 lut 
ресїйс gravity Volume of solution i.e., wt. of 1 mL solution 
wt. of ionic solute 
ах 
алу Formula wt. of solute x volume (in litre) 
25. Molecular wt. = Vapour density x 2 (for gases only) 
Note: 1. Molality, mole fraction, % by wt. are temperature independent. 


2. Moles, milli-moles, equivalent, milli-equivalent of solute does not change on 


dilution. 


3. Equal equivalents or Мед. of reactants react to give same no. of eq. or Мец 


of products. 


4. Moles and millimoles react according to stoichiometry of equation. 


5. One mole of gas at STP occupies 22.4 litre volume. 
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The Basic Problems with Solutions 


» Problem 1. 


> Problem 2. 


» Problem 3. 


» Problem 4. 


» Problem 5. 


» Problem 6. 


»- Problem 7. 
»- Problem 8. 
> Problem 9. 


> Problem 10. 
> Problem 11. 
> Problem 12. 
»- Problem 13. 
»- Problem 14. 
> Problem 15. 
> Problem 16. 


(a) When 4.2 р NaHCO; is added to a solution of CH4COOH weighing 
10.0 g, it is observed that 2.2 g СО, is released into atmosphere. 
The residue is found to weigh 12.0 g. Show that these observations 
are in agreement with the low of conservation of weigh. 

(b) If 6.3 р of NaHCO; are added to 15.0 р CH;COOH solution. The 
residue is found to weigh 18.0 g. What is the mass of CO, released 
in this reaction. 

1.7 g of silver nitrate dissolved in 100 g of water is taken. 0.585 g of 

sodium chloride dissolved in 100 р of water is added to it and chemical 

reaction occurs. 1.435 р of silver chloride and 0.85 р of sodium nitrate 
are formed. Justify that the data obey law of conservation of mass. 

1.08 g of copper wire was allowed to react with nitric acid. The 

resulting solution was dried and ignited when 1.35 g of copper oxide 

was obtained. In another experiment 2.30 g of copper oxide was heated 
in presence of hydrogen yielding 1.84 g of copper. Show that the 
above data are in accordance with law of constant proportion. 

Carbon and oxygen are known to form two compounds. The carbon 

content in one of these is 42.9% while in the other it is 27.3%. Show 

that this data is in agreement with the law of multiple proportions. 

8 litre of H, and 6 litre of Cl, are allowed to react to maximum possible 

extent. Find out the final volume of reaction mixture. Suppose P and 

T remains constant throughout the course of reaction. 

Calculate the mass in g of : 

(a) 2 g-atom of Mg (b) 3 N atoms of Mg. 

What 15 the weight of one atom of H in р (at.wt. of = 1.008)? 

How many g-atoms and no. of atoms are there in 120 g carbon? 

Calculate the mass іп р of : 

(a) 2 mole of CO, (b) 2 N molecules of CO,. 

How many molecules are in 5.23 р of glucose (C6H 1206)? 

How many carbon atoms are present іп 0.35 mole оГСеН)2062 

How many nitrogen atoms аге іп 0.25 mole оҒСа(МО;);? 

How many molecules of water are present in the one mL of water? 

How many molecules are present in one mL of water vapours of STP? 

What is the weight of 3.01 x 1023 molecules of ammonia? 

If it requires one second to count four wheat grains, calculate the time 

in years to count one mole of wheat grains. 
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»- Problem 17. 
» Problem 18. 
» Problem 19. 
» Problem 20. 
> Problem 21. 
» Problem 22. 


> Problem 23. 


> Problem 24. 


» Problem 25. 


» Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29. 


» Problem 30. 


> Problem 31. 


» Problem 32. 


NUMENIGAL PHYSICAL СНОМ ЊУ 


How many years it would take to spend Avogadro's number of rupees 
at the rate of ! million rupees in one second ? 

How many g of S are required to produce 10 moles and 10 p 01115850, 
respectively? 

How тапу р atoms of S are present in 4.9 р H,SO4? 

Calculate the number of CI” and Са?" ions in 333 g anhydrous CaCl). 
Calculate the number of mole of water іп 366 g BaCl,-2H,0. 
Calculate the number of molecules of methane and atoms of C and H 
in 24 g methane. 

Which of the following will weigh maximum amount? 

(a) 20 g iron, (b) 1.2 g atom of N, 

(с) 1 x 1023 atoms of carbon, (d) 1.12 litre of О; at STP. 

For a precious stone, “сага!” is used for specifying its mass. If 1 carat 
= 3.168 grains (a unit of mass) and | gram = 15.4 grains, find the total 
mass in kilogram of the ring that contains a 0.500 carat diamond and 
7.00 gram gold. 

Vanadium metal is added to steel to impart strength. The density of 
vanadium is 5.96 g/cm?. Express this in 81 unit (kg/m). 

Naturally occurring chlorine is 75.53% Cl 35 which has an atomic 
mass of 34.969 amu and 24.47% СІ 27, which has a mass of 36.966 
amu. Calculate the average atomic mass of chlorine. 3 
Use the data given in the following table to calculate the molar mass 
of naturally occuring argon : 


Isotope Isotopic molar mass Abundance 
36 Ar 35.96755 g тог! 0.337% 
38Ar 37.96272 g mor! 0.063% 
АГ 39.9624 в mol! 99.600% 


The specific heat of metal is | Jg ! К“!. If equivalent weight of metal 
is 9, calculate its exact at.wt. 

| g of a metal (specific heat = 0.06 cal/g), combines with oxygen to 
form 1.08 g of oxide. What is the atomic mass of metal? Also report 
its valency. 

For the dissolution of 1.08 g of a metal, 0.49 g of H SO; was required. 
If specific heat of metal is 0.06 cal/g, what is its atomic mass? 
Determine the equivalent weight of each given below, if formula . 
weight of these compounds are X, Y and Z respectively : 

(i) Ма;5О, (ii) МајРо, 120 (iii) Ca4(PO4); 

Calculate equivalent weight of Cu іп CuO and Cu;O. At.wt. of 
Cu = 63.6. 


e Problem 47. 


MOLE AND EQUIVALENT CONCEPT 


» Problem 33 


» l'roblem 34. 


> Problem 35. 


»- Problem 36. 


» Problem 37. 


» Problem 38. 


» Problem 39. 


»- Problem 40. 


> Problem 41. 
» Problem 42. 
> Problem 43. 
» Problem 44. 


> Problem 45. 


» Problem 46. 


> Problem 48. 
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The vapour density of a metal chloride is 85. If equivalent weight о! 
metal is 7.01, calculate the at.wt. of metal. 

Potassium chromate is isomorphous to potassium sulphate (К,50,) 
and it is found to have 26.78% Cr. Calculate the at.wt. of Cr if at.wt. 
of potassium is 39.10. 

From 280 mg of CO, 102! molecules are removed. How many g and 
mole of CO are left? 

What is the molecular weight of a substance, each molecule of which 
contains 9 carbon atoms, 13 hydrogen atoms and 2.33 x 10-23 g of 
other component? 

А hydrate of iron (111) thiocyanate Ее(5СМ),, was found to contain 
19% М.О. What is the formula of the hydrate. 

А plant virus was examined by the electron microscope and was found 
to consists of uniform cylindrical particles 150 À in diameter and 
5000 A long. The virus has a specific volume of 0.75 cm?/g. Assuming 
virus particles as one molecule, calculate molecular weight of virus. 
Calculate the mass of BaCO, produced when excess СО, is bubbled 
through a solution containing 0.205 moles of Ва(ОН),. 

What weight of AgCI would be precipitated if 10 mL НСІ gas at 12°С 
and 750 mm pressure were passed into excess of solution of silver 
nitrate? 

The density of О, at NTP is 1.429 р Ійге”!, Calculate the standard 
molar volume of gas. 

The vapour density of a mixture containing МО, and М,О, is 38.3 at 
27°С. Calculate the mole of МО, in 100 р mixture. 

The vapour density of a mixture containing МО, and М,О, is 38.3 at 
27°С. Calculate the mole of NO, in 100 mole mixture. 

Insulin contains 3.496 sulphur. Calculate minimum mol. wt. of insulin. 
Haemoglobin contains 0.2596 iron by weight. The molecular weight 
of haemoglobin is 89600. Calculate the number of iron atems per 
molecule of haemoglobin. 

Р and О are two elements which form 2,04, РО; molecules. If 0.15 
mole of P;Q; and PQ, weighs 15.9 р and 9.3 р, respectively, what are 
atomic weighs of P and Q? 

Sugar reacts with oxygen as : 

СНО + 120; — 12СО, + 11H50. How many р of CO, is 
produced per g of sucrose (sugar) used. How many mole of oxygen 
are needed to react with 1.0 g sugar. 

4 g of an impure sample of СаСО; on treatment with excess НСІ 
produces 0.88 р CO. What is per cent purity of СаСО; sample. 


» Problem 49. 


> Problem 50. 


> Problem 51. 


»- Problem 52. 


> Problem 53. 


> Problem 54. 


> Problem 55. 


» Problem 56. 


» Problem 57. 
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How much CO is produced by the reaction of 1.0 kg octane and 1.0 
kg oxygen. Also report the limiting reagent for this reaction. 

(i) Butyric acid contains only C, H and О. А 4.24 mg sample ог 
butyric acid is completely burned. It gives 8.45 mg of carbon 
dioxide (СО,) and 3.46 mg of water. What is the mass percentage 
of each element in butyric acid? 

(ii) If the elemental composition of butyric acid is found to be 54.2% 
C, 9.2% H and 36.6% О, determine the empirical formula. 

(iii) The molecular mass of butyric acid was determined by experiment 
to be 88. What is the molecular formula? 
Fe,(SO,)3 is emprical formula of a crystalline compound of iron. It is 
used in water and sewage treatment to aid in the removal of suspended 
impurities. Calculate-the mass percentage of iron, sulphur and oxygen 
in this compound. 
А welding fuel gas contains carbon and hydrogen only. Burning а 
small sample of it in oxygen gives 3.38 р carbon dioxide, 0.690 р of 
water and no other products. A volume of 10.0 litre (Measured at 
STP) of this welding gas is found to weigh 11.6 g. Calculate : 
(i) empirical formula, (ii) molar mass of the gas, and (iii) molecular 
formula. 
5.325 g sample of methyl benzoate, a compound used in the 
manufacture of perfumes is found to contain 3.758 g of carbon, 0.316 
g hydrogen and 1.251 g of oxygen. What is empirical formula of 
compound. If mol. weight of methyl benzoate is 136.0, calculate its 
molecular formula. 4 
Calculate the moles of H,O vapours formed if 1.57 mole of О» are 
used in presence of excess of H, for the given change, 
2H, + О, —— 2H,0 
Potassium bromide KBr contains 32.9% by mass potassium. If 6.40 g 
of bromine reacts with 3.60 g of potassium, calculate the number of 
moles of potassium which combine with bromine to form KBr. 
Zinc and hydrochloric acid react according to the reaction : 
Zn(s) + 2HCl(aq. —— ZnCl,(aq.) + Нор) 
If 0.30 mole of Zn are added to hydrochloric acid containing 0.52 
mole НСІ, how many moles of H, are produced? 
А mixture of 1.0 mole of Al and 3.0 mole of Cl, are allowed to react 
as: 
2А%) + 3Cl; — 2АІСІ, 
(a) Which is limiting reagent? 
(b) How many moles of AIC], are formed? 
(c) Moles of excess reagent left unreacted 
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» Problem 58. 


> Problem 59. 


> Problem 60. 


> Problem 61. 


> Problem 62. 


»- l'roblem 63. 


> l'roblem 64. 


» Problem 65. 


» Problem 66. 


» Problem 67. 


» Problem 68. 


» Problem 69. 
t 


> Problem 70. 
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23 g sodium metal reacts with water. Calculate the : 
(a) volume of H, liberated at NTP, 
(b) moles of H, liberated, 
(c) weight of H, liberated. 
How many moles of potassium chlorate to be heated to produce 5.6 
litre oxygen? 
For the reaction ; 
2МаРОдааут 3Ba(NO3)a(ag) “7”? ВазСРО,)д + 6МаМО јад) 
Suppose that a solution containing 32.8 g of Na;PO, and 26.1 g of 
Ва(МОз); is mixed. How many g of Ba3(PO,), are formed? 
Calculate the weight of lime (CaO) obtained by heating 300 kg of 
90% pure limestone (СаСО;). 
Calculate the weight of FeO produced from 2 g VO and 5.75 g of 
Ғе;О;. Also report the limiting reagent. 
Given : VO + Fe,0; —— FeO + У,О, 
A mixture of FeO and Fe4O, when heated in air to constant weight 
gains 5% in its weight. Find out composition of mixture. 
A mixture of Al and Zn weighing 1.67 g was completely dissolved in 
acid and evolved 1.69 litre of H, at NTP. What was the weight of Al 
in original mixture? 
Chlorine is prepared in the laboratory by treating manganese dioxide 
(МпО;) with-aqueous hydrochloric acid according to the reaction; 
4НСКач.) + Мпо(5) —» 200) + MnCl даа.) + ClL(g) 
How many gram of НСІ react with 5.0 р of manganese dioxide? 
Chlorophyll, the green colouring matter of plants responsible for 
photosynthesis, contains 2.6896 of magnesium by mass. Calculate the 
number of magnesium atoms in 2.00 g of chlorophyll. 
How much СаСІ,.6Н;О and water must be weighed to prepare 100 р 
of a solution that is 5.0% CaCl}. 
Calculate the percentage composition in terms of mass of a solution 
obtained by mixing 300 р of a 25% and 400 g of a 40% solution by 
mass. 
When dissolved in dilute Н,80, , 0.275 в of metal evolved 119.7 mL 
of Нь, at 20°C and 780.4 mm pressure. Н, was collected over water. 
Aqueous tension is 17.4 mm at 20°С. Calculate equivalent weight of 
metal. 
A gaseous alkane on complete combustion gives СО, and H5O. If the 
ratio of moles of O needed for combustion and moles of CO, formed 
is 5 : 3 find out the formula of alkane. 
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» Problem 71. Find the milli-equivalent ol : 

(а) Са(ОН); in 111 g, (b) NaOH in 30 р, (с) H5SO, in 4.9 g. 

» Problem 72. Find the weight of NaOH in its 60 milli-equivalents. 

> Problem 73. Find the normality of HSO; having 50 milli-equivalents in 3 litre. 

> Problem 74. Find the weight of H,SO, in 1200 mL of a solution of 0.4 М strength. 

»- Problem 75. Calculate normality of mixture obtained by mixing : 5 
(а) 100 mL of 0.1 N H SO, + 50 mL of 0.25 № NaOH. 

(b) 100 mL of 0.2 M H5SO, + 200 mL of 0.2 M HCI. 
(с) 100 mL of 0.2 M H SO, +100 mL of 0.2 M NaOH. 
(d) 1 g equivalent of NaOH + 100 mL of 0.1 N HCI. 

» Problem 76. What volume of water is required to make 0.20 N solution from 
1600 mL of 0.2050 N solution? 

> Problem 77. How many mL of 2.0 M Pb(NO;), contains 600 mg Pb?*. 

» Problem 78. How would you prepare exactly 3.0 litre of 1.0 M NaOH by mixing 
proportiens of stock solutions of 2.50 M NaOH and 0.40 M NaOH. 
No water is to be used. 

> Problem 79. What weight оГМа,СО, of 95% purity would be required to neutralize 
45.6 mL of 0.235 N acid? 

» Problem 80. Calculate normality of NH4OH when 2 g is present in 800 mL solution. 
Also calculate its molarity. ^ 

> Problem 81. What is the strength in р per litre of a solution of Н,80,, 12 ml. ol 
which neutralized 15 mL of N/10 NaOH solution? 

» Problem 82. Calculate the concentration of a solution obtained by mixing 300 g 
25% by weight solution of NH4CI and 150 g of 40% by weight solution 
of NH4CI. 

> Problem 83. A sample of NaOH weighing 0.38 р is dissolved in water and the 
solution is made to 50.0 mL in a volumetric flask. What is the molarity 

of the resulting solution? 

» Problem 84. How many moles of NaOH are contained in 27 mL of 0.15 M NaOH? 

» Problem 85. А sample of NaNO; weighing 0.38 р is placed ina 50.0 mL volumetric 
flask. The flask is then filled with water to the mark on the neck. 
What is the molarity of the solution? 

> Problem 86. In a reaction vessel 0.184 g of NaOH is required to be added for 
completing the reaction. How many ти те of 0.150 M NaOH 
solution should be added for this requirement. | 

» Problem 87. Commercially available concentrated hydrochloric acid contains 3896 
HCI by mass. 

(a) What is the molarity of this solution? The density is 1.19 g mL. 
(b) What volume of concentrated НС! is required to make 1.00 litre 
of 0.10 M HCI? 
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> Problem 88. 


»- Problem 89. 


» Problem 90. 


» Problem 91. 


> Problem 92. 


»- Problem 93. 


- 


"> Problem 94. 


» Problem 95. 


» Problem 96. 
> Problem 97. 


> РгоЫет 98. 


> Problem 99. 
Л L 


» Problem 100. 


Concentrated nitric acid used in the laboratory work is 6896 nitric 
acid by mass in aqueous solution. What should be the molarity of 
such a sample of the acid if the density of solution is 1.504 g mL 19 
A solution of glucose in water is labelled as 10 per cent w/w, what 
would be the molality and mole fraction of each component in the 
solution? If the density of the solution is 1.2 g mL, then what shall 
be the molarity of the solution? 
An antifreeze solution is prepared from 222.6 g of ethylene glycol 
|С,Н,(ОН),| and 200 g of water. Calculate the molality of the solution. 
If the density of the solution is 1.072 g mL"! then what shall be the 
molarity of the solution? 
Calculate the amount of oxalic acid (Н,С,0,.2Н;0) required to obtain 
250 mL of deci-molar solution. 
4 g of NaOH are present in 0.1 dm? solution have specific gravity 
1.038 g/mL. Calculate : 
(a) mole fraction of NaOH; (b) molality of NaOH solution; 
(c) molarity of NaOH solution; (а) normality of NaOH solution. 
Suppose 5 g of acetic acid are dissolved in one litre of ethanol. Assume 
no reaction in between them. Calculate molality of resulting solution 
if density of ethanol is 0.789 g/mL. 
Find the molality of H,SO, solution whose specific gravity is 
1,986 mL: and 90% by volume H5SO,. 
А sample of H,SO, (density 1.787 g ті!) is labelled as 80% by 
weight. What is molarity of acid? What volume of acid has to be used 
to make | litre of 0.2 M H5SO4? 
30 mL of 0.2 N BaCl, is mixed with 40 mL of 0.3 М AD(SO4,. How 
many g of BaSO, are formed? 
20 mL of 0.2 M AL(SO4), mixed with 20 mL of 0.6 МВаСІ,. Calculate 
the concentration of each ion in solution. 
What are the final concentrations of all the ions when following are 
mixed? 
50 mL of 0.12 МҒе(МОз);, 100 mL of 0.10M FeCl, and 100 mL of 
0.26M Mg(NO3), . 
30 mL of 0.1 M BaCl, is mixed with 40 mL of 0.2 М AL(SO4)4. What 
is the weight of BaSO, formed? 
BaCl, + Al,(SO,); —— BaSO, + AICI, 

Calcium carbonate reacts with aqueous НСІ to give CaCl, and CO; 
according to the reaction; 

CaCO4(s) + 2HCl(aq.) > CaCl,(aq.) + СО,(8) + ЊОЦ) 
What mass of CaCO, is required to react completely with 25 mL of 
0.75 M HCI? 


М 


70 


Problem 101. 


»-Problem 102. 


»-Problem 103. 


»Problem 104. 
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Calculate the volume of 1.00 mol L^! aqueous sodium hydroxide that 

is neutralized by 200 mL of 2.00 то! 17! aqueous hydrochloric acid 

and the mass of sodium chloride produced. Neutralization reaction is; 
МаОН(ач.) + HCl(aq.) —— NaCl(aq.) + H3O(l). 

How many mL of a 0.1 M HCI are required to react completely with 1 

g mixture of Ма,СО, and NaHCO; containing equimolar amounts ot^ 

two? 

А sample of drinking water was found to be severely contaminated 

with chloroform, СНС, supposed to be carcinogen. The level of 

contamination was 15 ppm (by mass). 

(i) Express this in per cent by mass. 

(ii) Determine the-molality of chloroform in the water sample. 

An aqueous solution of sodium chloride is marked 1096 (w/w) on the 

bottle. The density of the solution is 1.071 g ml. What is its molality 

and molarity? Also, what is the mole fraction of each component in 

the solution? 
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(a) See solution, (b) 3.3 g; 
See solution; 

14 litre; 

1.67 x 107 р; 

(a) 88 g, (b) 88 g; 

1.26 x 1074 carbon atoms; 
3.34 x 1022 molecules; 
8.50 y; 

19,098 x 107 year; 

0.05 в atom; 

3 mole; 


Answers 
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See solution; 

See solution; 

(a) 48 g, (b) 72 g; 

10, 10 М, 

1.75 х 1072 molecules; 

3.0 х 102, 

2.69 х 10!" molecules; 

4.77 х 10" уг; 

320 р, 3.265 g; 

3 N ions оЁСа?*, 6 N ions of CI’; 


9.03 x 1023 molecules, 9.03 x 1023 atoms of C, 3.612 х 1024 atoms of 11; 


(a) 20 g, (b) 16.8 g, (c) 1.99 g, (d) 1.6 g; 


7.10 x 10-3 kg; 25. 
15.46 amu; 27. 
27; 29. 
108 31. 
31.8, 63.6; 33. 
52.0; 35. 
135.04; 37. 
7.10 x 107; 39. 
0.0605 g ; 41. 
0.437; 43. 
941.176; 45. 
P = 26,0 = 18; 47. 
50%; | 49. 
(i) C = 54.3596, Н = 9.0696, О = 36.59%, 
Fe = 28%, 5 = 24%, О =48% 52. 
C4H40, С,Н,О,, 54. 
8.01 х 10-2 mole; 56, 
(a) Al, (b) 1.0, (c) 1.5; 58. 


1/6 mole KCIO;; 


5.96 х 107” kg/m; 

39.947; 

100, 1 

xyz 

27376 

28.04; 

8.34 х 1073; 
Ее($СМ)з.3Н2О; 

40.5 р; 

22.39 litre тог !; 

33.48 mole; 

4 atom of Fe; 

1.54 g СО), 3.5 x 10 mole; 
823.48 g; 

(ii) CH40, (iii) C4HgO;; 

(i) CH, (ii) 25.98, (iii) СУП; 
3.14 mole; 

0.26; 


(a) +, (b) 1 g, (c) 11200 mL; 
20.07 g; 
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61. 
63. 
65. 
67. 
69. 
71. 
73. 
75. 
76. 
78. 
79. 
81. 
83. 
85. 
87. 
89. 
91. 
92. 
93. 
95. 
97. 
98. 
99. 
101. 
103. 
104. 


NUMERICAL PHYSICAL CHEMISTHY 


5.18 в, Fe)04; 

Al = 1.25 g, Zn = 0.42 р; 
1.345 x 10?! atoms of Mg; 
33.57%; 

С.Н, 

2.4 р; 

23.52 р; 


1.44 mL; 


М-0.07, М- 0.07; 
30%; 

4.05 x 107, 

30.67 mL; 

16.23 M; 

17.95 m, 9.11 M; 


8.50; 


151.20 kg; 62. 
FeO = 21.06%, Ее,О, =.78.94%; 64. 
8.39 g; 66. 
СаСЬ.6НоО = 9.9 р, H,O = 90.1 g; 68. 
27.52, 70. 
(8) 3000, (0) 750, (с) 100: 72. 
0.0166 ; 74. 
(а) 0.0167, (b) 0.267, (c) 0.1, (d) 9.9; 
40 mL; 77. 
857.14 mL of 2.50 M x 2142.96 mL of 0.4 М; 
0.5968 g; 80. 
6.125 g/litre; 82. 
0.19; 84. 
8.94 x 107, 86. 
(a) 12.4, (b) 8.06 mL; 88. 
0.617 m, 0.67 M, 0.011, 0.989; 90. 
3.15 g; 

(а) 0.018, (b) 1.002 m (c) 1 M, (d) 1 М; 
0.1056; 94. 
14.59, 13.71 mL; 96. 


AP* = 0.2 M, C = 0.6 M; 


0.70 g; 


[Fe?*] = 0.064M ; [МО; | = 0.28M ; [СГ] = 0.12 М; [Mg] = 0.104M 


0.699 g; 100. 
400 mL, 23.4 g; 102. 
(i) 1.5 x 107, (ii) 1.25 х 104 т 


0.94 g; 
157.8 mL; 


M= 1.83, т = 1.90, туда = 0.03, т. би о = 0.97 
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Solution 1. 


Solution 2. 


Solution 3. 


^ Solution 4. 


Solution 


(a) NaHCO, + СН,СООН --- CH4COONa + H50 + CO, 
initial mass = 4.2 + 10 = 14.2 
Final mass = 12 + 2.2 = 14.2 
Thus, during the course of reaction law of conservation of mass is obeyed 
(b) NaHCO, + CH;COOH --> CH4COONa + Н,О + CO, 
Initial mass = 6.3 + 15 = 21.3 
Final mass = 18.0 + mass of CO, 
According to law of conservation of mass : 21.3 = 18.0 + mass of CO, 
Mass of CO, = 3.3 р 


Тога] mass before the chemical change 


= mass of AgNO, + mass of NaCl + mass of water 
= 1.7 + 0.585 + 200 
= 202.285 g 
Total mass after the chemical reaction 
= mass of АРС! + mass of NaNO; + mass of water 
= 1.435 + 0.85 + 200 
= 202.285 g 
Thus total mass before reaction = total mass after reaction. This confirms 
the law of conservation of mass. 


Саве 1: Cu — 9, самој — cuo 


1.08 2 1.35 р 
1.35 в СиО contains 1.08 g Cu 
100 g СиО contains (1.08 х 100)/1.35 g Си = 80g Си 
37 % of Си іп CuO = 80; % of O in CuO = 20 
Case II : CuO + Hj— Си + HO 
230g 1.84 р 
2.30 g CuO has 1.84 р Cu 
100 р СиО has (1.84 х 100)/2.30 = 80 g Cu 
96 of Cu in СиО = 80; % of O in CuO = 20 
NS the percentage of Cu and oxygen in CuO in both the cases is same 
and thus the data are in accordance with law of definite proportion. 


In a compound of C and O 
C-429 О=57. 


Rati feio 222-025 
айо of C :0:: т 


In other compound of C and O 
C-273, О=727 
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> Problem 1. 


» Problem 2. 


> Problem 3. 


» Problem 4. 


> Problem 5. 


> Problem 6. 


» Problem 7. 


> Problem 8. 


> Problem 9. 


NUMERICAL PHYSICAL CHEMISTRY 





Selected Problems with Solutions 


A sample of polystyrene prepared by heating styrene with tribromoben- 
zoyl peroxide in the absence of air has the formula Br} С,Н(С,Н,),. 
The number n varies with the condition of preparation. One sample of 
polystyrene prepared in this manner was found to contain 10.46% 
bromine. What is the value of л? 
Calculate the % of free SO; in oleum (a solution of 503 in H3SO,) that 
is labelled 10996 Нэ5О, by weight. 
A mixture of NH3(g) and МэН, (6) is placed in a sealed container at 
300 К. The total pressure is 0.5 atm. The container is heated to 1200 К, 
at which time both substances decompose completely according to the 
equations: 

2NH3(g) —9 №(2) + 3H»(g) 

N>H4(g) —-9 №(8) + 2H»(g) 
Alter decomposition is complete, the total pressure at 1200 К is found 
to be 4.5 atm. Find the amount (mole) per cent of NoH4(g) in the original 
mixture? 
Chemical absorbers. сап be used to remove exhaled СО» of space 
travellers in short space flights. [4150 is one of the most efficient in terms 
of absorbing capacity per unit weight. If the reaction is 
1420 + CO» > LixCO3, what is the absorption efficiency of pure [50 
in litre СО» (STP) per kg? [atomic weight of Li = 7] 
Copper forms two oxides. For the same amount of copper, twice as much 
oxygen was used to form first oxide tlian to form second one. What is 
the ratio of the valencies of copper in first and second oxides? 
105 mL of pure water at 4°C saturated with NH3 gas yielded a solution 


of density 0.9 g mL! and containing 30% МН; by mass. Find out the 
volume of МН; solution resulting and the volume of NH3 gas at 4°C and 
775 mm of Hg which was used to saturate water. 

50 mL of dry ammonia gas was sparked for a long time in an eudiometer 
tube over mercury. After sparking, the volume becomes 97 mL. After 
washing the gas with water and drying. the volume becomes 94 mL. 
This was mixed with 60.5 mL of oxygen and the mixture was burnt. 
After the completion of the combustion of На, the volume of the residual 
gas was 48.75 mL. Derive molecular formula of ammonia. 

The weight of one litre sample of ozonised oxygen at NTP was found 
to be 1.5 в. When 100 mL of this mixture at NTP were treated with 
terpentine oil, the volume was reduced to 90 mL. Hence calculate the 
molecular weight of ozone. 

A sample of gaseous hydrocarbon occupying 1.12 litre at NTP. when 
completely burnt in air produced 2.2 а СО ard 1.8 ¢ ИО. Calculate 
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> Problem 


> Problem 


> Problem 


> Problem 


v 


Problem 


» Problem 


> Problem 


> Problem 


» Problem 


2 


3. 


4. 


5. 


6. 


7. 


8. 


the weight of hydrocarbon taken and the volume of O2 at NTP required 
for its combustion. 
А 5.0 р sample of a natural gas consisting of CH4, C2H4 was burnt ш 
excess of oxygen yielding 14.5 р CO; and some H30 as product. What 
is weight percentage of СН, and С2Нд in mixture. 
Determine the formula of ammonia from the following data: 

(1) Volume of ammonia = 25 mL. 

(11) Volume on addition of O» after explosion = 71.2 mL. 
(11) Volume after explosicn and reaction with О» on cooling = 14.95 

mL. 

(iv) Volume after being absorbed by alkaline pyrogallol 2 12.5 mL. 
0.05 р of a commercial sample of КСІОз on decomposition liberated 
just sufficient oxygen for complete oxidation of 20 mL CO at 27?C and 
750 mm pressure. Calculate % of KCIO3 in sample. 
Igniting MnO; in air converts it quantitatively to Mn3O4. A sample of 
pyrolusite has МпО» 80%, SiO? 15% and rest having water. The sample 
is heated in air to constant mass. What is the % of Mn in ignited sample? 
A granulated sample of aircraft alloy (Al, Mg, Cu) weighing 8.72 g was 
first treated with alkali and then with very dilute НСІ, leaving a residue 
Тће residue after alkali boiling weighed 2.10 g and the acid insoluble 
residue weighed 0.69 g. What is the composition of the alloy? 
A hydrated sulphate of metal contained 8.1% metal and 43.2% SO, һу 
weight. The specific heat of metal is 0.24 cal/g. What is hydrated 
sulphate? 
A saturated .solution is prepared at 70°С containing 32.0) р 
Си5О4-5Н2О per 100 р solution. А 335 g sample of this solution is then 
cooled to 0°C so that CuSO4-5H20 crystallises out. If the concentration 
of a saturated solution at 0°C is 12.5 g CuSO4:5H50 per 100.0 р solution, 
how much of CuSO4-5H50 is crystallised. 
In a gravimetric determination of Р, an aqueous solution of dihydrogen 
phosphate ion [H2PO4] is treated with a mixture of ammonium and 


magnesium ions to precipitate magnesium ammonium phosphite. 
[Mg(NH4)PO4:6H20]. This is heated and decomposed to magnesium 
pyrophosphate [Mg2P2O;], which is weighed. А solution of 


H2PO, yielded 1.054 р of Mg2P207. What weight.of NaH2PO4 was 

present originally? (Na = 23, H = 1, P= 31, О = 16, Mg = 24) 

A mixture contains NaCl and unknown chloride MCI. 

(a) 1 g of this is dissolved in water, excess of acidified AgNO3 solution 
is added to it, so that 2.567 g of white ppt. is obtained. 

(b) I g of original mixture is heated to 300°C. Some vapours come ош 
which are absorbed in AgNO, (acidified) solution. 1.341 g of white 


precipitate is obtained. Find the mol. wt. of unknown chloride. 
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» Problem 19. 


» Problem 20. 


> Problem 21. 


» Problem 22. 


» Problem 23. 


» Problem 24. 


» Problem 25. 


» Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29. 


NUMERICAL PHYMCAL CHEMISTRY 


А precipitate of AgCl and AgBr weighs 0.4000 g. On heating im a current 
of chlorine, the AgBr is converted to AgCI and the muxture loses 
0.0725 g in weight. Find the % of Cl in original mixture. 

What weight of NaCO; of 95% purity would be required to neutralize 
45.6 mL of 0.235 N acid? 


What volume of water is required to make 0.20 N solution from 1600 
mL of 0.2050 N solution? 


How much BaCl;5-2H5O and pure water are to be mixed to prepare 
50 g of 12.0% (by wt.) Васі» solution. 
A piece of Al weighing 2.7 g is titrated with 75.0 mL of H2SO4 (sp. gr. 


1.18 8 mL! and 24.7% Н»50О, by weight). After the metal is completely 
dissolved, the solution: is diluted to 400 mL. Calculate molarity of free 
H250; in solution. 
To 50 litre of 0.2 № NaOH, 5 litre of 1 М НСІ and 15 litre of 0.1. № 
FeCl; solution are added. What weight of Fe;O4 сап be obtained from 
the precipitate? Also report the normality of. NaOH left in the resultant 
solution. 
Chloride samples are prepared for analysis by using NaCl, КС! and 
NHA4CI separately or as mixture. What minimum volume of 5% by 
weight AgNO; solution (sp. gr. 1.04 g mL !) must be added to a sample 
of 0.3 g in order to ensure complete precipitation of chloride in every 
possible case? 
A sample of water has its hardness due to only CaSO4. When this water 
is passed through on anion exchange resin, SO; ions are replaced by 
OH . A 25.0 mL sample of water so treated requires 21.58 mL of 
107 M Н»5О, for its titration. What is the hardness of water expressed 
in terms of СаСОз in ppm. Assume density of water 1.0 g/mL. 
250 mL of xM solution and 500 mL of УМ solution of a solute A аге 
mixed and diluted to 2 litre to produce a final concentration of 1.6 M. 
lf x: v2 5:4, calculate x and v. 
The cupric salt (i.e., Си“) of a monobasic acid contains 3 molecules of 
water of hydration per atom of Cu. One g of hydrated salt yielding on 
strong heating 0.3306 g of CuO. What is the equivalent weight of 
anhydrous acid? 
25 mL of 0.107 НАРОД was titrated with 0.115 M solution of NaOH to 
the end point identified by indicator bromocresol green. This required 
23.1 mL. The titration was repeated using phenolphthalein as indicator. 
This time 25 mL of 0.107 M НАРОД required 46.2 mL of the 0.115 M 
NaOH. What is the coefficient of л in this equation for each reaction? 
НАРОД + ЛОН — nH50 + [Ну . „РО 
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» Problem 30. 


> Problem 31. 


» Problem 32. 


> Problem 33. 


> Problem 34. 


» Problem 35. 


» Problem 36. 


> Problem 37. 


> РгоМет 38. 


> Problem 39. 


How many тті. of 0.1 М HC! are required to react completely with 1 g 
mixture of МазСОз and NaHCO; containing equimolar amounts of two? 
^ solution of specific gravity 1.6 g mL! is 67% by weight. What will 
be the % by weight of the solution of same acid if it is diluted to specific 
gravity 1.2 g тігі? 
0.5 р of fuming H5SO, (oleum) is diluted with water. The solution 
requires 26.7 mL of 0.4 N NaOH for complete neutralization. Find the 
% of free 503 in the sample of oleum. 
A sample of Mg metal containing some MgO as impurity was dissolved 
in 125 mL of 0.1N H2503. The volume of Hz evolved аг 27.5°C and 
1 atm was 120.0 mL. The resulting solution was found to be 0.02N with 
respect to H2SO,. Calculate the weight of sample dissolved and the % 
by weight of pure Mg metal in sample. Neglect any change in volume. 
Manganese trifluoride can be prepared by the reaction : 

Mnlz(s + І%Е (в) ---» Марз + 2185 
What is the minimum amount of Е that must be used to react with 12g 
of Mnl; if only 75%. Fz is utilized to convert all of Мп!» to MnF3. 


A natural gas sample contains 84% (by volume) of CH4. 10% of C2H6, 
3% of C3Hg and 3% №. If a series of catalytic reactions could be used 
for converting all the carbon atoms into butadiene, C4Hg, with 10096 
efficiency, how much butadiene could be prepared from 100 g of the 
natural gas? 

1.5 g sample of P203 and some impurity was dissolved in water and 
warmed gentally till P203 disproportionates quantitatively to PH3 and 
НзРО4. The solution was then boiled to get rid off PH3(g) and then cooled 
finally to room temperature and diluted to 100 mL. 10 mL of this solution 
was mixed with 20 mL of 0.3M NaOH. Now 10 mL of this solution 
required 3.6 mL of 0.05 M H5SO, for back titration. Determine % by 
weight of P203 in sample. 

In presence of fluoride ion Ма?" can be titrated with MnO, both 
reactants being converted to a complex of Mn (III) inpresence of F ions. 
А 0.545 g of sample containing MnO, was dissolved and all manganese 
was converted to Mn^*. The titration in presence of fluoride ion 
consumed 31.1 mL of KMnO, that was 0.117 М against oxalate. 

(a) Write balanced chemical equation for the titration assuming that the 


complex is МпЕд. 
(b) What was the % of Мп3Од in sample. 
What volume of 0.20 M H2SO, is required to produce 34.0 g of H2S by 
the reaction: 8KI + 5H2804 —— 4K5SO, + 4L; + H2S + 460 


A drop (0.05 mL) of 12 M НСІ is spread over a thin sheet of aluminium 
foil (thickness 0.10 mm and density of Al = 2.70 g/mL). Assuming whole 
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> Problem 40. 


> Problem 41. : 


> Problem 42. 


> Problem 43. 


> Problem 44. 


> Problem 45. 


> Problem 46. 


> РгоЫет 47. 


NUMERICAL PHYSICAL CHEMISTRY 


of the НСІ is used to dissolve Al, what will be the maximum area of 
hole produced in foil? 

A solution of palmitic acid in benzene contains 4.24 g of acid per litre. 
When this solution is dropped on water surface, benzene gets evaporated 
and palmitic acid forms a unimolecular film on surface. If we wish to 
cover an area of 500 ст" with unimolecular film, what volume of 
solution should be used. The area covered by one palmitic acid molecule 
may be taken as 0.21 nm. Mol. wt. of palmitic acid is 256. 

11.2 g carbon reacts completely with 19.63 litre of О» at NTP. The cooled 
gases are passed through 2 litre of 2.5 N NaOH solution. Calculate 
concentration of remaining NaOH and Na2CO in solution. CO does not 
react with NaOH under these conditions. 

20 litre of air containing CO? at STP passed through 100 mL of 0.12N 
solution of Са(ОН). The filtrate obtained after the reaction required 50 
mL of a solution of HC! of specific gravity 1.25 g mL! containing 
0.35% by weight of acid. Find the amount of СО» present in the volume 
of air as well as the percentage by volume of CO» in air. 

1.0 gallon pure octane (density 2.55 kg/gallon) on combustion produces 
11.53 kg СО, CO» and H5O. CO is formed partailly due to combustion 
of octane which is responsible to decrease the efficiency of engine. If 


complete combustion of octane to СО» and H20 provide 100% efficien- - 


су to enzine, calculate efficiency of engine in the above case. 

11.2 g of carbon reacts completely with 21.2 litre of oxygen at 18°С and 

750 mm of Hg. The cooled gases are passed through 2 litre. of 2.5 № 

NaOH solution. Determine the concentration of NaOH remaining in 

solution which is not converted to Na3CO3 (CO does not react with 

NaOH) under these conditions. 

(i) What is the mole fraction of CO in the gases? 

(ii) What is the molarity of NaOH which is not converted to Ма СО 
in the remaining solution? 

5 mL of a gaseous hydrocarbon was exposed to 30 mL of О». The 

resultant gas, on cooling is found to measure 25 mL of which 10 mL are 

absorbed by NaOH and the remainder by pyrogallol. Determine 

molecular formula of hydrocarbon. All measurements are made at 

constant pressure and temperature. 

The gases produced when 18 g carbon reacts with 5 litre of oxygen at 

18°С and 5 atm pressure are treated with 0.5 litre of 2 M NaOH. 

Calculate the concentration of sodium carbonate and sodium bicarbonate 

produced by the reaction of СО» with NaOH. CO has no reaction under 

these conditions. 

The molecular mass of an organic acid was determined by the study of 

its barium salt. 4.200 g of salt was quantitatively converted to free acid 

by the reaction with 21.64 пи. of 0.477 М 11550), The banum salt was 
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»- Problem 48. 
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» Problem 49. 


> Problem 50. 


» Problem 51. 


> Problem 52. 


La 


> Problem 53. 


> Problem 54. 


“” 


> Problem 55. 


found to have two mole of water of hydration per Ba^* ion and the acid 
is mono-basic. What is molecular weight of anhydrous acid? 

| а of a mixture containing equal no. of moles of carbonates of two 
alkali metals, required 44.4 mL of 0.5 N HCI for complete reaction. The 
atomic weight of one metal is 7, find the atomic weight of other metal. 
Also calculate amount of sulphate formed on quantitative conversion of 
1.0 g of the mixture in two sulphates. 

What would be the molality of a solution obtained by mixing equal 
volumes of 30% by weight HSO; (d= 1.218 g тї!) and 70% by 


weight H5SO, (d = 1.610 2 mL !)? If the resulting solution has density 
1.425 g/mL, calculate its molarity. 

A sample of fuming sulphuric acid containing H5SO4, SO; and SO; 
weighing 1.0 g is found to require 23.47 mL of 1.0 N alkali for its 
neutralisation. A separate sample shows the presence of 1.596 SO». Find 
the percentage of free 504, Н>5О4 and combined SO; in the sample. 


Calculate the ionic strength of a solution containing 0.2 M NaCl and 
0.1 М Na3SO4. 


200 mL of a solution of mixture of NaOH and МаэСОз was first titrated 
with phenolphthalein and №10 НСІ. 17.5 mL of НСІ was required for 
the end point. After this methyl orange was added and 2.5 mL of same 
HCI was again required for next end point. Find out amounts of NaOH 
and NaCO; in mixture. 


Two drops of phenolphthalein solution was added to 40.0 mL of an НС! 

solution. This solution was titrated with 0.10 M NaOH solution. When 

30.0 mL of base had been added, part of the solution turned pink, but 

the colour disappeared upon mixing the solution. Addition of NaOH 

solution was continued dropwise until one drop addition produced a 

lasting pink colour. At this point, the volume of base added was 32.56 

mL. Calculate: 

(а) The concentration of НСІ solution. 

(b) Concentration of НСІ in solution when 30.0 mL base had been 
added. 

(c) pH of the solution when 30.0 mL base was added. 

(d) pH of the solution when 32.56 mL base was added. 

А sample supposed to be pure СаСОз is used to standardise a solution 

of НСІ. The substance really was a mixture of MgCO3 and ВаСОз, but 

the standardisation of HC] was accurate. Find the percentage of 

ВаСОз and MgCO; in mixture. 

100 ml. sample of hard water is passed through a column of the ion 

exchange resin ЕН. The water coming off the column requires 15.17 

ml, of 0.0265 M NaOH for its titration. What is the hardness of water 


“с.і 
ах ppm of Са 
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» Problem 56. 


» Problem 57. 


» Problem 58. 


» Problem 59. 


» Problem 60. 


» Problem 61. 


» Problem 62. 


> Problem 63. 


NUMIEHFICAL PHYSICAL CHEMISTRY 


A sea water sample has a density of 1.03 ст and 2.8% NaCl by mass. 
A saturated solution of NaCl in water is 5.45 M NaCl. How much water 
would have to be evaporated from 10° litre of sea water before NaCl 
would precipitate. 

One litre of a mixture containing BaF, and H2SO4 was taken for 
analysis. 25 mL of this mixture was treated with 20.0 mL of 0.1 N KOH 
for complete neutralisation. Another 25 mL of the mixture was added to 
100 mL of 0.05 N K2CO; solution and precipitate was filtered off. The 
filtrate required 12 mL of 0.025 M oxalic acid solution using phenol- 
phthalein as indicator. Find the strength of Вар and H2SO4 in mixture. 


5 g of CuSO4 $H20 is intended to be prepared by using CuO. and four 
times the stoichiometric amount of H5SO4. Assuming that 10% of the 


material is lost in crystallisation, what weight of oxide should be taken 
and how many litre or mL of a 5 M H2SO,. 


A mixture contains 20 g of caustic soda, 20 g of sodium carbonate and 
20 g of sodium bicarbonate in one litre. What will be the titre value if 
55 mL of this mixture is used for titration against 1 N НСІ if: 

(a) First titrated with phenolphthalein. 

(b) Methyl orange added after first end point. 

(c) Methyl orange added from the very begining. 

The reaction, Zn  CuSO4 —— Cu + 21504 goes to completion. In one 
experiment, 10 g of metallic zinc was added to 200 mL CuSO, solution. 
After all the Cu was precipitated, it was found that not all the zinc had 
dissolved. After filtration, the total solid at the end of reaction was 
9.81 р. Calculate the weight of Cu deposited and molarity of CuSO; in 
original solution. 

A sample of green crystals of nickel (IT) sulphate heptahydrate was 
heated carefully to produce the bluish-green nickel (II) sulphate 
hexahydrate. What are the formulas of the hydrates? If 8.753 g of the 
heptahydrate produces 8.192 g of the hexahydrate, how many gram of 
anhydrous nickel (II) sulphate could be obtained? 

A sample of metallic elements X, weighing 3.177 g. Combines with 
0.6015 litre of О» gas (at normal pressure and 20°С) to form the metal 
oxide with the formula XO. If the density of О» gas under these 
conditions is 1.330 g/litre, what is the mass of this oxygen? The atomic 
weight of oxygen is 15.9994 amu. What is the atomic weight of X? What 
is the identity of X? 

Copper sulphide reacts with nitric acid as 
3CuS + ВНМОз —— 3Cu(NO3); + 35) Яг 4H20(g Fh 2КОб). In an ех- 
periment, the volume of moist NO gas at 27°С and one atm pressure 


was collected in a chamber 1642 mm x 760 mm x 30 mm in dimensions. 
Calculate the amount of copper sulphide taken and the volume of 8 M 
nitric acid required for the reaction. The vapour pressure ol pure water 


at 27°C is 27 min of Hg. (Си = 63,5, S = 32). 
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Answers 
1. 1219; 2. 4096 ; 
3. 2596 ; 4. 746.66 litre / kg ; 
Si peor 6. 166.66 mL , 59.03 litre ; 
7. МН; ; 8. 48.2 ; 
9. 0.8 р, 2.24 litre O2 ; 10. C2H4 = 39.2%, CH4 = 60.8% ; 
11. МН: 12. 65.4%; 
13. 59.37% ; 14. Al = 75.9%, Mg = 16.2%, Си = 7.9%; 
15. А15(5О,)3:18Н:0 ; 16. 7447 р ; 
17. 1.1395 р; 18. 53.50 ; 
19. 6.1396 ; 20. 0.5978 g ; 
21. 40 mL; 
22. ВаС]5.2Н2О = 7.038 g , H20 = 42.962 р ; 
23. 0.183 ; 24. 40g, 0.05 М; 
25. 18.33 mL; 26. 86 ppm ; 
27. х= 4.92, у= 3.94 ; 28. 62.58 ; 
29. n=2 ; 30. 157.8 mL; 
3. 29.78% ; 32. 20.78% ; 
33. 122165, Mg = 95.5766 ; 34. 12.78 р; 
35. 82.08 g ; 36. 80% ; 
37. (a) See solution, (b) 40.734% ; 38. 25 litre ; 
39. 02cm? ; 40. 2.386 x 1077 litre ; 
41. NaOH = 1.68 М, Na3CO4 = 0.82 N; 42. 0.132 р, 0.0672 litre, 0.336% ; 
43. 95.596; | 44. (i) 0.122, (и) 3.362, 1.345 ; 
45. C2H4 
46. NaCO, = 0.816 М, NaHCO; = 0.368 M ; 
47. 122.31: 48. 23, 1.3998 g ; 
49. 7.61. 11.22 ; 50. 65.3%, 33.2%, 27.10% ; 


51. 9.2 g/litre, 7.1 g/litre, 9.6 g/litre ; 
52. NaOH = 0.06 g per 200 mL, Na2CO3 = 0.0265 g per 200 mL ; 


53. (a) 0.0814, (b) 3.66 x 107, (c) 2.4365, (d) 7: 
54. BaCO3 = 27.89%, MgCOs = 72.11% ; 


55. 80.40 ; 56. 90.9 x 10* litre. ; 
57. BaF, = 6.372 g/litre, H5SO, = 3.92 g/litre ; 

58. w= 1.753 в, 4.41 mL; 

59. (а) 31.34 mL, (b) 16.93 mL, (с) 48.26 mL ; 

60. 8.0012, 0.63 M ; 61. 4.826 g ; 

62. 0.80 g, 63.54 ; 

63. 210.29 2, 0.734 litre. 
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Solution 5. 


Solution 6. 


Solution 7. 


Solution 8. 


Solution 9. 


Solution 10. 


Solution 11. 


Solution 12. 
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| . 273 
Ratio of € : O 137 0.376 
Thus, the ratio of amounts of C reacting with same mass of O 
0.751 :0.376 2:1 


This i is in agreement with law of multiple proportions. 


| 15 ! 
Volume before reaction 8 litre 6 litre 
Volume after reaction 2 0 12 litre 
Volume after reaction = volume of H, left + volume of HCI formed 
=2 + 12 = 14 litre 


Cl —> 2HCI 


(а) | | g-atom of Mg has mass = 24 g; 

2 g-atom of Mg has mass = 24 х 2 = 48g 
(b) ~ М atoms of Mg has mass = 24 р; 

24 x 3М 
ЗМ atoms of Mg has mass = 5, ^p 72g 
N atoms of H has wt. = 1.008 g 
| fHh L008 = 1.67 x 10 
о Аш х 
ают о as wt. 6023 x 1023 o g 
mass of carbon 120 ati 
No. of g-atoms of Carbon = =10 
at. mass of carbon 12 


1 g-atom of carbon has no. of atoms = 6.023 х н>? 
. 10 g-atoms of carbon has no. of atoms = 10 х 6.023 х 10? or 10N 


(a) “ 1 mole of CO, has molecular mass = 44 
3! 2 mole of CO; has molecular mass - 2 x 44 = 88g 
(b) № molecules of CO; has molecular mass = 44 


2N molecules of CO, has molecular mass = 44 x 2 = 88 g 


180 g glucose has = N molecules 
5.23 x 6.023 x 1073 
. 180 


= 1,75 x 1022 molecules 


| mole of CgH,20¢ has = 6 № atoms of C 


0.35 mole of C;H,50, has = 6 x 0.35 1 машы Ч 2.1 N atoms^^ 
= 2.1 x 6.023 x 103 
= 1.26 х 1074 carbon atoms 


5.23 р glucose has = 


ч | mole of Ca(NO;); has = 2 N atoms of nitrogen 


0.25 mole of Ca(NO;); has = 2 х 0.25 x 6.023 х 1023 atoms of N 
23.0 x 107 


|| 
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Solution 13. - 1 mL маег = 1 в water (density of water = | g/cm”) 





Now 18 g water has 6.023 x 1023 molecules 


23 
1 g water has E molecules = 3.34 x 1022 molecules 
Solution 14. = 22.4 litre water vapour at STP has = 6.023 х 1023 molecules 





_ 6.023 x 10? x 107° 
224 
= 2.69 x 10? molecules 


1 x 107 litre water vapours at STP has: 





Solution 15. >: 6.023 х 10? molecules of NH; has weight = 17 g 
17 x 301х 1073 
3.01 х 1023 molecules of NH; has weight = и 
6.023 х 10 
= 8.50 2 


Solution 16. 4 wheat grains are counted in 1 sec. 


23 
2.6.023 x 1023 wheat grains are counted и sec 


____6023х10° 
4 х 60 x 60 x 24 x 365 
= 4.77 х 1015 year 


year 


Solution 17. - 10° rupees are spent in 1 sec. 





1х 6.023 x 10? 
6.023 x 10? rupees are spent in eroe sec 
1х 6.023х 10? 
EIL ван, 2208 
10° х60х60х24х 365 


-19,098 х 10? уеаг 


Solution 18... 1 mole ОГН,5О, has = 32g S 

; 10 mole оГН,5О, has = 32 х 10 = 320 g S 

Also, “> 98 g of H)SO, Ваз = 32g S 

? 10 g of H9SO, has = (32 х 10)/98 = 3.265 g S 
Solution 19. ·· 98 g H SO; has g-atom of = | 


r 





4.9 
^. 4.9 в H5SO, has g-atom of 5 = 98 ^ 0.05 g-atom of S 


Solution 20. Mol. wt. of CaCl, = 111 р 
| 111 g CaCl, has = N ions of Ca?* 


Nx333. 2+ 2+ 
333 р CaCl, has ІП. ions of Ca^ = 3 N ions of Ca 
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Also, с. 111 g CaCl, has = 2 N ions of СГ 
2N x 333. 
—,, iens of СГ 
111 
=6 N ions of СГ 

Solution 21. Mol. wt. of ВаС1,:2Н,О-244 р, 

244 g BaCl52H50 = 36 g H5O = 2 mole of HO 

2x366 


366 в BaCl,-2H,0 = EU mole of H,O = 3 mole of H,O 


333 в CaCl, has = 


Solution 22. Mol. wt. of methane (СН,) = 16, 


16 g CH, has molecules = М 


6.023 x 103 x 24 
16 
= 9.03 x 107 molecules 


24 в СН, has molecules = 








Also, 16 g СН. = N atoms of carbon 
23 
24 g CH, ћаз= 6.023 ~~ x 24 
= 9.03 x 1023 atoms of C 
and =; 16 g СН. = 4 N atoms of H 
24 СН, = = х 24 
= 3.612 x 105 atoms of H 
Solution 23. (a) Mass of iron - 20g 
(b) Mass of 1.2 g-atom of N= 14 x 1,2 = 16.8 g 
12x1x 10? 
(c) Mass of I x 1023 atoms of C = РК =1.99 р 
6.023 х 10 
: 32х12 
(d) Mass of 1.12 litre of O, at STP = AC l.6g 
Thus 20 g iron has maximum weight. 
у 3168 
Solution 24. 1 carat = 3.168 grains = 154 gram 
| 3168 x 05 " 
-~ 0.500 carat diamond = Ет = 0.10 g 


Thus weight of ring = 0.10 + 7.0 = 7.10 р = 7.10 x 10? kg 
Solution 25. Density of Vanadium = 5.96 g/cm? = 5.96 x 10^ kg/cm? 


5.96 x 10 7 
— Коли” - 5.96 x 1077 kg/m? 
10° 
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7553 х 34.969 + 24 47 x 36.966 


Solution 26. Average atomic mass = ШЕ т E 35.46 ати 





Solution 27. Molar mass of Ar 


_ 0.337 x 35.96755 + 0.063 x 37.96272 + 99.600 x 39.9624 
1 100 





= 39.947 


Solution 28. Sp. heat = 1121 К! = 1/4.18 са g К^! 


'. approximate at. wt. x 1/4.18 = 6.4 
approximate at.wt. = 6.4 x 4.18 = 26.75 
at. weight 





Also, — Valence 


eq. weight 
Valence = 26.75/9 = 2.97 = 3.0 
(^ Valence is integer) 
Exact at. weight = Eq. wt. x valence = 9 x 3 = 27 


Solution 29. Eq. of metal = Eq. of oxygen 





wt. of metal = 1 g, wt. of oxygen = 1.08— 1 = 0.08 g 
1 0.08 


Е metal 8 
E, -100 


Also App. at.wt. х sp. heat = 6.4 





metal - 


А шэн» 106.67 
pp. at. wt. = uus 196. 


7 _at.wt. _ 106.67 2 
alence = ESL 7100. 00 (integer) 
exact at. wt. = Ех уаепсе = 100x 1 = 100 
Solution 30 A MT 106.67 
olu on | рр. at.wt. 006 


Also Eq. of metal = Eq. of H,SO, 
Let Eq. wt. of metal be Е. 


108 049 
E 49 
E metal = 108 
at.wt. 106.67 
Also Valence = бун “АН. 1 (integer) 


Exact at. wt. = Eq.wt. x Valence = 108 x 1 = 108 


D x , | Molecular weight 
Solution 31. Equivalent weight of conipound = ;; : қ 
— l'otal charge on cation or anion 
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X 
Ёма,50, na (charge on 2Na is 42 or on SO, is -2) 








y : 
ÉNaPO,.12850 и (charge on РО, is –3) 
2 : > # 
Есау) Ec (charge on 2PO, is –6) 
Solution 32. In CuO : (Cu of bivalent nature) л Eq. wt. of Cu. = 63.6/2 
= 31.8 
In Си,О : (Cu of monovalent nature) -. Eq. wt. of Cu = 63.6/1 
- 63.6 
Solution 33. Let metal chloride be MCI, , then 
Mol. wt. of MCI, = a + 35.5 x, 
2 x 85=E.x + 35.5 (x) (а Ex) 
|. 2x85 
P VU 014383 77 : 
at. wt. = 7.01 x 4 = 28.04 
Solution 34. Since potassium chromate and K5SO, are isomorphs and thus molecular 
formula of potassium chromate is K,CrO,. Let at. wt. of Cr be a, then 
formula wt. of К,СгО, Я 
= 39.1 х2+а+ 16х4 = 142.2 +а 
а 
0 Е ке Е Я 
% of Cr in K;CrO, I * 100; 
Also 90 of Cr given — 26.78 
ть. = 52.0 
loma ef + ES 
Solution 35. · 6.023 x 1073 molecules of CO = 28 р 
28х10?! 
102! molecules of СО = ELE = 4.65 x 107 g 
6.023x 10 
— 46.5 mg 5 
CO left = 280 - 46.5 = 233.5 mg 
wt. , 
Also, moles of CO left = ь “ 
m. wt. 
-3 
_ 2335х10 -834х 10? 
28 
Solution 36. The molecule has C, И and other component. У 


Wi. 019 € atoms © 12x 9 108 amu 
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Wt. of 13 Н atoms = 13 х | = 13 amu 
233x107? 
Wt. of other component = —— — —3, = 14.04 amu 
166 х 1077 
Total weight of one molecule = 108 + 13 + 14.04 
= 135.04 ати 


Mol. wt. of substance = 135.04 


Solution 37. Let the hydrate be Fe(SCN);.mH,O 


molecular weight of hydrate = 56 + 3 х (32 + 12 + 14) + 18 т 
= 230 + 18 т 
НИ = 
230--18т 
Or m-3 


Formula is Fe(SCN),. 3Н,О 





150 
Solution 38. Given, length = 5000 x 10? ст, r= =: 


-. Volume (cylindrical nature of virus) = x rh 


= 314x Бо 04 Ре 


= 8.83 x 107 cm? 
in that specific volume is 0.75 gm јр 
0.75 cm? = 1 g 


883x107 
0.75 
= 1.18 x 10716 р 
— weight of one virus 
'. Thus weight of М virus molecules = 1.18 x lo х 6,023 х 1073 


8.83 х 10777 em? = 


=7.10 x 10, g/mol 
or Mol. weight = 7.10 х 107 
Solution 39. Ba(OH) + CO, --> Васо; + H,O 


Mole of Ba(OH); : Mole of CO, : : Mole of BaCO; : Mole of H,O 


| | Mole of Ba(OH), ЗЫ 
v Ч MoleofBaCO, | 1 


Mole of ВаСО, formed = 0.205 
Weight of BaCO; formed = 0.205 x 197.4 = 40.5 g 


PYV 
Solution 40. Мед. of AgCI = Мед. of HCI = milli mole of HCl(g) ==> х 10? 
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Solution 41. 


Solution 42. 


Solution 43. 


Solution 44. 


Solution 45. 
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10002290, 10., 10) 
143.5 760 1000 0.0821 x 285 
= 0.422 
0.422 x 143.5 
waeci у 7 0.0605 g 


Standard molar volume of gas is its volume occupied by 1 mole at NTP. 
1.429 g of O, gas occupies volume = 1 litre 
: 32 
32 g of O, gas occupies volume = 1429 litre 


= 22.39 litre тоГ! 


Mol. wt. of mixture of МО, and N50, = 38.3 x 2 = 76.6 
Let a g of NO, be present in 100 g mixture, then 
mole of NO, + mole of NO, = mole of mixture 
а (100-а) 100 
46 92 766 
Mole of NO, in mixture = (20.1/46) = 0.437 


Mol. wt. of mixture.of МО, and N5O, = 38.3 x 2 = 76.6 


а = 20.10g 


Let a mole of NO, be present in 100 mole mixture 
wt. of NO, + wt. of NO, = wt. of mixture, 
a x 46 + (100 — a) x 92 = 100 x 76.6 
а= 33.48 mole 


For minimum mol. wt., insulin must contain atleast one sulphur atom in 


its one molecule. 
Now 3.4 g sulphur is present then mol. wt. of insulin = 100 





: ade 100 x 32 
32 g sulphur is present then mol. wt. of insulin = 34 
= 941.176 
100 р haemoglobin has iron = 0.25 в 
: - , 0.25 x 89600 
89600 g haemoglobin has iron = ae - 224 g Fe 


1 mole ог N molecules of haemoglobin has 224 g Fe 
— (224/56) g-atom of Fe 
— 4 g-atom of Fe 
— 4 N atom of Fe 
| molecule of haemoglobin = 4 atom of Ке 


MOLE AND EQUIVALENT CONCEPT 81 





Solution 46. Let at. wt. of P and Q be a and 5 respectively, 


Mol. wt. of РО; = 2а + 3b 
Mol. wt. of PO, = a + 2b 
(2a + 3b) x 0.15 = 15.9 
and (а + 2b) x 0.15 29.3 
a Thus, а =26, b 18 
Solution 47. 


and 


Сг wt. = Mole x Mol. wt.) 





*: 1 mole or 342 g sugar produces 12 mole ог 44 x 12 g CO, 


44 x 12 
1 g sugar produces 


gem 1.54 g CO; 
Also 1 mole or 342 2 sugar requires 12 mole О; 





12 
1 g sugar requires 3427 mole О, = 3.5 х 1072 mole 
Solution 48. СаСО; + 2HCI ——> CaCl, + H50 + CO, 
44 6 СО, = 100 в СаСО, 


100 x 0.88 


0.88 g CO, = ШОТ 2.0 g СаСО, 





2 
Percentage purity = ~ 100 = 50% 


Solution 49. 





17 
СНз ar 2 9: --> 8СО + 9Н,О 
1 10? 10° 
Moles before reaction =n a 
114 32 
"A _ |10' 102 х2 8x10 x2 
oles after reaction 13139517 0 ХОВЫН Б 
a A 17 
Mole ratio for reaction is С, На : О: : 1: 2 
17 
and О,:С0:::5-:8 


Thus О, is limiting reagent and moles of CO formed = 29.41 
Mass of CO formed = 29.4] x 28 = 823.48 g 


Solution 50. (i % C= 12595 | 100 = 54.35% 
МАХ хиих . (i) 0 44x424 С © 


2x346 . 100 = 9.06% 
ГЕТЕ ers 





%Н = 


% О = [100 - 54.35 — 9.06] = 36.59% 
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(ii) % %lat.wt. = Factor Factor/Lowest number 
542 _ 4.52 — 
С = 54.2 12 = 4.52 229^ 
б 92 5 5227 
Н-92 | = 9.2 229 = 
У 366 _ 4209. 
О = 36.6 T 2.29 529 = 1 
Я Empirical formula of butyric acid is СН,О 
(iii) Empirical formula mass = 44 


Molecular mass = 88 
Molecular mass 88 
Empirical mass 44. 

Mole formula = Empirical formula x n = С,Н,О, 


Solution 51. Mol.wt. of Fe2(SO4), = 2 х at.wt. of Fe + 3 x a. wt. of S + 


12 x at.wt. of oxygen 
=2х 56 + 3х 32 + 12 х 16 
= 112 + 96 + 192 = 400 
% of Fe= E х 100 = 28% 
400 
% of S= ary 100 = 24% 
400 
% of O= ин 100 = 48% 
400 
11.6 x 22.4 
Solution 52. Molecular mass of welding gas = И 25.98 


СО, and Н,О are obtained from welding gas combustion in water. 


> 3.38 
g-atoms of C in gas = prn 0.077 


0.690 x2 
g-atoms of H in gas = 12 = = 0.077 
о 





Ratio of C and Н atoms in gas is 1: 1 
Thus, empirical formula of welding gas is CH 
Empirical formula mass of welding раз = 13 
Molecular mass = (empirical formula mass) x n 


_ 2598 


13 
Molecular formula = 2 x empirical formula = 2 x (CH) = C,H, 


hw 





~ "~ 
“46 
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Solution 53. 


Element % Mole ratio Simplest mole ratio 
37584100 2057 2057 — зв 388 4 
5.325 12 1.47 
03165100 оз — 222. 593 333 БА 
5.325 1 1.47 
1251х100 23.50 147 
5325 ^ 23.50 Te 7 1.47 147 = 1 


Empirical formula is С,Н,О 
Also empirical formula weight = 4 x 12-44х 1 + 16= 68 


Ї mol. wt. à 136 4 
n= empirical formula wt. ^ 68 > 


Molecular formula of methyl benzoate is (С,Н,О), ог С,Н,О, 


Solution 54. -;2 mole Н, = 1 mole O, = 2 mole HO 
1 mole О» = 2 mole ЊО; 
1.57 mole O, = 2 x 1.57 mole Н,О = 3.14 mole НО 


2 mole НО 
or, Moles of HO = [1.57 mole оЁО, | | mole О; 


2 
= 1.57 х 1 — 3.14 mole 


Solution 55. In 100 р KBr, К = 32.9 р, then Br = 67.1 р 
-~o (at. wt. of K and Br are 39 and 80 respectively) 
2K + Br, —— 2KBr 
MolesofK _ 32.9/39 10057 
MolesofBr 671/80 1 
MolesofK 10057х2 20114 


Moles of Bn | 1 1 
2K + В, -- 2КВг 
| 360 60 
Given moles 39 160 
= 0.092 0.04 


The reaction ratio for moles of К and Вг, = 2.0114. Thus, Br» will be 
да = used leaving К. 
Moles of Br» reacting — 0.04 
Moles of K reacting — 0.04 x 2.0114 
= 8.01 x 107 mole 
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Solution 56. Zn(s) + МКЦад) --- ZnCb(ag) + Нр) 
Initial moles 0.30 052 0 0 
Final moles 0.04 0 0 0.26 
Mole ratio of Zn : НСІ: 11; is 1:2:1 
Moles of H, formed = 0.26 
Note that НСІ is used completely and thus it is limiting reagent. 
Solution 57. 2Al, + 3Cb --» 24AICh 
Moles before reaction 1.0 3.0 0 
Moles after reaction 0 1.5 1.0 


Mole ratio for reactants and products are 2 : 3 : 2 
(a) Thus limiting reagent is Al. 
(b) Moles of AICI, formed = 1.0 
(c) Moles of excess reagent Cl, left unreacted = 1.5 
Solution 58. The given reaction is, 2Na + 2H;0 ——» 2NaOH + Н, 


From equation, it is evident : 
46 g Na reacts to liberate | mole Н», 
23 в Na reacts to liberate (1 x 23)/46 = 1/2 mole Н, 
Weight of H, liberated = (1/2) x 2=1g 


Also, volume of H, at STP = 22400 x 1 = 11200 mL 


Alternative method 
2Na + 2H,O —— 2NaOH + Н, 
Mole before reaction 23/23 = 1 Excess 0 0 
Mole after reaction 0 Excess 1 и 


Moles of H, formed = 1/2 
Wt. of H, formed = (1/2) х 2 =12 
Volume of H, formed at STP = 22400 х 1/2 = 11200 mL 





Solution 59. 2KCIO; —> 2КСІ + 30, 
Mole ratio for reaction 2 mole 2 mole 3 mole 
3 x 224 litre О, is formed by 2 mole КСІО; 
5.6 litre Оз is formed Бу = 1emmble кею 
.6 litre 2 15 forme y 3x224 moie a 
Solution 60. 2Na;PO, + 3Ba(NO3) А Bay(PO4); * 6NaNO; 
Mole before (32.8/164) 26.1/261 0 0 
reaction -02 0.1 0 0 
Mole after 
reaction [0.2 — (0.1 x 2y3] 0 0.1/3 (0.1 x 6y3 


Mole ratio for МазРО, : Ba(NO4); : Ba4(PO4); : NaNO; ::2:3:1:6 
Moles of Ba4(PO,), formed = 0.1/3 


0.1 
Weight of Ва)(РО4); formed = — х 602 = 20.07 g 
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Solution 61. 100 kg impure sample has pure СаСО, = 90 kg 
5 90 х 300 
300 kg impure sample has pure CaCO; = па“ 270 kg 
СаСО, — CaO + СО, 
100 kg СаСО, gives СаО = 56 kg 
а 56 х 270 
270 kg СаСО, gives Сао = 00 ^ 151.20 kg 


Solution 62. Balanced equationis 2УО + 3Fe,0; —— 6FeO + У,О, 





Mole before reaction 2/67 5.75/160 
7 0.0298 0.0359 
Mole after reaction [0.0298 — (0.0359 x 2/3] 0 [0.0359 x 2][0.0359 x 1] 


ч Mole ratio in reaction is VO : Ее,О, : FeO : У;0. ::2:3:6: 1 
Mole of FeO formed = 0.0359 x 2 
Weight of FeO formed = 0.0359 x 2х 72 = 5.18 g 
The limiting reagent is one which is totally used i.e. Ғе;Оҙ here. 


Solution 63. Let weight of FeO and Ғе;О, be a and b р, respectively. 
2FeO + 6 О, к=? Ее,Оз 
2Fe30, tW О, яр? ЗЕе:О, 
144 g FeO gives 160 g Ее,О, 
a g FeO gives 160 x а/144 g Ғе;О; 


hom : 160 х 35 
Similarly, weight of Ее,О, formed by 5 р Fe30, = "464 _ 
f 160ха  160x3b 
Now if a+ Б = 100; then =105 








44 464 
Solving these two equations : а = 21.06 and b = 78.94 
Percentage of FeO = 21.06% апі percentage of Fe3O, = 78.94% 

Solution 64. Let a and b р be weight of Al and Zn in mixture a + b= 1.67 (1) 
Al + 3HCI —— AICI; + (3/2) Hj; Zn + 2HCI —> ZnCl, +H, 





27 р Al gives (3/2) x 22.4 litre Н» (с at.wt. of Al = 27) 
қ 3х224ха . 
ag Al gives POLOS litre Н, 
Similarly 65 g Zn gives 22.4 litre Н, (^: at.wt. of Zn = 65) 


b р Zn gives (22.4 x 5)/65 litre Н» 
3x224xa 224xb 


24213 | 1.09 ...(2) 
By (1) and (2) а = 1.25 g, b = 0.42 g 
Solution 65. 411 (ад) + MnO (s) > 2H50(/) + МпСђ(аа.) + Сї 8) 


{70 Ми). rencts willd x 365011! 
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4x365x5 
5 g MnO, will react with ын гэж = 8.39 g НСІ 
o 
2.68 
Solution 66. 7 100 g chlorophyll contains 2.68 g Mg= ^r mole Mg 
268х2 


2: 
2 g chlorophyll contains === 24 x 100 


No. of Mg atoms = 2.2 х 1073 x 6.023 x 1073 
= 1.345 x 102! atoms of Mg 
Solution 67. CaCl, = СаС1,.6Н,О 
=e Mole of CaCl;.6H;O = Mole of CaCl, 


mole Mg = 2.2 x 10 mole Mg 


5 
Mole of CaCl5.6H50 = 111 (СУ mol.wt. of CaCl, = 111) 


5 
Mass of CaCl,.6H,O = —— x 219 = 9.9 р CaCl,.6H,O 


Mass of water = 100 — 9.9 = 90.1 2 
Solution 68. 25% solution means 25 g solute in 100 g solution 
40% solution means 40 2 solute in 100 g solution 


x 300 
100 


x 400 
100 


Total mass of solute = 75 + 160 = 235 р 





25 
Mass of solute in 300 g solution = = 75 р 





40 
Mass of solute in 400 g solution = = 160g 


235 
Mass % ш mixture = 700 х 100 = 33.57% 


Solution 69. mole О р A heap cos = х 107 


Let eq. wt. of metal be Е 


Eq. of metal = Eq. of H; 


0.275 и 
— = mole of H, x 2=2 х 5 х 107 


E 
E=27.52 
Solution 70. Let the alkane be С,Н,, + 5 





n+l 
b ae 








( "t l, +2 4 О, ——À пСО, + (л | Dl LO 


MOLE AND EQUIVALENT CONCEPT 


Mole of О, a 27 s 
Mole of CO; n 3 


n-3 
Thus alkane is C3Hg 





Solution 71. (а) Мед. of Ca(OH), = = — x 1000 = 74/2 


C 


30 
(b) Мед. of NaOH = — х 1000 = 750 Cs 


40 


4 “2 
(c) Мед. of H9SO, = — x 1000 = 100 (- 


Solution 72. Мед. = A x 1000 


60 = T 1000 


м-2.4р 
Solution 73. С N x V (in Litre) = Equivalent 


ог N= 0.0166 
Solution 74. Мед. of res 0.4 x 1200 = 480 (^ Мед. 


а х 1000 = 480 
м = 23.52 g 
Solution 75. (а) Мед. of H9SO, = 100 x 0.1 = 10 
Meq. of NaOH = 50 x 0.25 = 12.5 
H,SO, and NaOH neutralize each other. 
Meq. of NaOH left = 12.5 — 10 = 2.5 


Volume of new solution = 100 + 50 = 150 mL 
Музон left = 2.5/1 50 = 0.0167 


(9) Мед. of H980, = 100 x 0.2 х 2 = 40 


(“М- 


Мед. of НС! = 200 x 0.2 x 1 = 40 


87 


1 
х 1000 = 3000 


74 
Ескон), 7^» ) 


Enaon = 40) 


Ен,50, = 49) 


-NxyinmL) 


M x Valency) 
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Total Мед. of acid = 40 + 40 = 80 
. Total volume of solution = 300 mL 
N Acid solution ^ 90/300 — 0.267 


(c) Мед. of 50, = 100 x 0.2 x 2 = 40 
Мед. of NaOH = 100 x 0.2 x 1 = 20 
Мед. of H5SO, left after reaction = 40 – 20 = 20 
Total volume of solution = 100 + 100 = 200 mL 
Nuso, left = 20/200 = 0.1 


(d) Meq. of NaOH = 1 x 1000 = 1000 
Meq. of HCI = 100 x 0.1 =10 
Мед. of NaOH left after reaction = 1000 — 10 = 990 
Total volume of solution = 100 mL 
Мон left = 990/100 = 9.9 
Solution 76. Мед. of conc. solution = 1600 x 0.2050 = 328 


Let after dilution of volume becomes У mL 
Мед. of dil. solution = 0.20 x V 
Е 328 -020х V 
(^ Мед. does not change on dilution) 
ү V = 1640 mL 
Thus, volume of water used to prepare 1640 mL of 0.20 N solution 
= 1640 – 1600 = 40 mL 


Solution 77. Мед. of Pb(NO;), = Мед. of Pb?* 
(Мед. = Nx Fin mL; N= M x Valence factor) 


-3 
2х2ху- 20905197 1000 

208/2 

У = 1.44 mL 
Solution 78. Let V mL of 2.50 М NaOH be mixed with (3000 — V) mL of 0.40 M NaOH 
Мед. of 2.50 M NaOH + Мец. of 0.4 M NaOH = Мед. of 1.0 M NaOH 
2.50 x V + 0.4 (3000 – У) = 3 х 1000 х1 (М-М) 

S V = 857.14 mL 
. 857.14 mL of 2.50 M NaOH and 2142.96 mL of 0.4 M NaOH are to 
be mixed. 

Solution 79. . Мед. of Na;CO; = Мед. of H SO, (for complete neutralization) 


Мед. of Ма,СО, = 45.6 x 0.235 





x 1000 — 45.6 x 0.235 
и = 0.5679 р 


и 
106/2 
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Solution 80. 


Solution 81. 


Solution 82. 


e Solution 83. 





Solution 84. 


' 95 р pure Ма,СО, is to be taken then weighed sample = 100 в 
: 0.5679 в pure Ма;СО is to be taken, weighed sample 


_ 100х05679 — 0.5978 
95 POE 
Equivalent 


= V(in litre) 


2 800 
г Equivalent of NH4OH = z7 Volume of solution = ——~ litre 


35" 1000 
2x1000 
~ 35x 800 
N 0.07 


~ Valence factor 1 507 


moles 2x1000 


Molarity — V (in litre) = 35x 800 x 800 = 0.07 


Мед. of H5SO, = Мед. of NaOH (СЭ Meq. =N x Vin mL) 


= 0.07 


| 

Мх 12-15 х үү, 
Н 

Nuso,7 15715 = 0.125 





аа. ана най be mat (7 S=N xE) 


Weight of solution I and II = 300 + 150 = 450 в 


- қ : 25х 300 

Weight of МН. С! in I solution = i = 75 в 
y а 40 х 150 

Weight of МН,С1 in II solution = "vis ОБ 


Total weight of NH,Cl = 75 + 60 = 135 р 





135 
90 by wt. of mixed solution = 450 * 100 = 30% 


Мед. of NaOH=N х Vig mt, оп 1000 = N * V mp 


938 1000 = Мх 50 
TEX x 
40 

М= 0.19 


Milli-moles of NaOH = M x V4 44 = 0.15 x 27 


0.15 x 27 


29 
Moles of NaOH 1000 4.05 x 10 
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Solution 85. Molarity x Volume in mL = Milli-mole = T x 1000 





j 0.38 
Molarity x 50- ss х 1000 
ә. 
[Мо]. wt. of NaNO, = 85] 





Molarity = 8,94 х 1072 
Solution 86. Milli-mole = M x V, mi 





m x 1000 = 0.150 x У 
Умон = 30.67 mL 


Solution 87. (а) Mass of HCI = 38 р; density of solution = 1.19 g/mL, 
Mass of solution = 100 g 
Moles of HCl 
Volume of solution in litre 


Mass of HCI 


Molar mass of HCI x weight of solution 
density of solution x 1000 








Molarity = 





38 
= 124 


100 
vrais le 
* 19x 1000 


(b) Milli-moles of solute does not change on dilution and thus, 
М х Vo= МХ Vy, 
(for conc.) (for dil.) 
12.4 x у= 0.1 x 1000 


V — 8.06 mL 
Solution 88. 68% mass of HNO; means 100 g solution contains 68 g HNO; 
100 
Volume of solution = wt. of solution x density = 1504 — 66.49 mL 
й b mole of НМО, 
МОРИО BH" volume of solution in litre 
42851000, теза И 
63 х 66.49 1 : ; 


Solution 89. 10% (w/w) solution of glucose means 100 р solution contains 10 g 





glucose. 
Weight of water = 100 — 10 = 90 2 
0.617 m 


Molality (m) = 90 


x 
1000 


MOLE AND EQUIVALENT CONCEPT 91 


10 
Molarity (M) = = о VW 0.67 М 


12 х 1000 


Mole fraction of glucose = 710 90 = 0.011 


1 1 = —— = 
Mole fraction of water 10 90 0.989 


и 

| 
ка 
x 
{о 
D 
3 


Solution 90. Molality of ethylene glycol : 


ES 62 x 
1000 





Wt. of solution = wt. of glycol + wt. of water 
= 222.6 + 200 = 422.6 g 


Vol f soluti сал L 
olume of solution = 1-5 т 


222. 
Molarity of ethylene glycol de ehe 9,41 M 
62x 422.6 
1.072 x 1000 
] 
Solution 91. Molarity of solution = 10 M 
Volume of solution = 250 mL 
1 
Milli-mole of oxalic acid = M x Vimy) = ~ 250 
w 1 
126 х 1000 = — 0 * 250 (mol.wt. of oxalic acid = 126) 
2 S 23.15 
М” 10х1000 7^8 
Solution 92. Volume of solution = 0.1 дт = 10 litre = 100 mL 
Weight of solution = 100 x 1.038 = 103.8 g 


Weight of water = weight of solution — weight of МаОН 
= 103.8—4 =99.8 р 


d 
(a) Mole fraction of NaOH = ЕЭ -0.018 


40 18 


92 
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Moles of NaOH 


(b) Molality of solution — Weight of water x 1000 
мн ee 
ЖОР И ње 


Moles of NaOH 

Volume in litre 

4 x 1000 

7 40x100 | M 

Equivalent of NaOH 
Volume in litre 

4x1000 _ | 

40x 100 


Wt. of CH;COOH dissolved = 5 g 
Eq. of CH4COOH dissolved = 5/60 
Volume of ethanol = 1 litre = 1000 mL 
Weight of ethanol = (1000 x 0.789) р = 789 р 
Moles of solute 
wt. of solvent in kg 


(c) Molarity of NaOH solution 


(d) Normality of NaOH solution = 





Molality of solution = 





5 
60x789| ^ 0.1056 
1000 
Solution 94. H,SO, is 90% by volume. 
Volume of solution = 100 mL 
; Wt. of H,SO, = 90 р 2. Moles of H5SO, = 90/98 
and Weight of solution = 100 x 1.98 ~. Weight of water = 198-90 
= 198 р = 108 р 
а е 90 [n Р moles 
аму 98 x 108/1000 solvent (in kg), 
= 8.50 


Solution 95. H SO, is 80% by weight .. Wt. of H,SO,= 80 р 


Wt. of solution = 100 g 
2100 


1787 "L7 1787 х 1000 1" 


Volume of solution = 


~ 
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3 80 
Mwso,7] — — 100 — 


* 1787 х 1000 
= 14.59 
, Let V mL of this Н;5О, are used to prepare | litre of 0.2 M Н,50,, 
then mM of conc. Н;,80,= mM of dil. H SO, 
(mM does not change on dilution) 
V x 14.59 = 1000 x 0.2 


И = 13.71 mL 
Solution 96. ВаСІ, + Al ($О4 —э BaSO, + AlCl, 
Мед. before reaction 30 x 0.2 40 x 0.3 0 0 
=6 -12 -0 -0 
Мед. after reaction 0 6 6 6 
6 Мед. of BaCl, reacts with 6 Мед. of Al,(SO,); to produce 6 Мед. of 
BaSO, and 6 Мед. of AlCl}. 
Wt. 233 
> Мед. of BaSO, formed = 6 = с х 1000; G = =) 
FBaS0, fined = = === = 0.70 
қ Ты 
Solution 97. Al,(SO,); + BaCl, —— Вазо, 4 + AICI, 
Мед. before mixing 20 x 0.2 х6 20 x 0.6 x 2 0 0 
=24 =24 
Мед. аћег mixing 0 0 24 24 
(Мед. = N х Vin mL = M x valency x V in mL) 
24 
3* ==" eee 
[AT] 103 02М 


ye A 
[СГ] = 25 - 0.6 M 


No concentration of Ba?* or 504“ in solution since BaSO, gets 
precipitated. 
Solution 98. Milli-mole of Fe(NO4), = 50 x 0.12 = 6 (mm = M x Vi) 
” Milli-mole of Ре! = 6 У 
Milli-mole of МО; = 3 х 6 = 18 
Milli-mole of FeCl; = 100 х 0.1 = 10 
Milli-mole of Ғе" = 10: 
Milli-mole of CI = 3 x 10 = 30 
Milli-mole of Mg(NO;), = 100 x 0.26 = 26 
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Milli-mole of Mg” = 26 ; 
Milli-mole of NO, = 2 х 26 = 52 
On mixing these three, total volume he comes 250 mL 


- б+10 "Ти 
Thus [Fe] =_= 0.064M а= ди: 
250 Үл mL 
18-- 52 





[NO;]- ^. = 028M 


cr -29 0лэм 
[ 72500” 


мр“) - 2. = 0104М 
(МЕ 1525076 
Solution 99. First balance it ЗВаСЬ + Al,(SO,); ——» 3BaSO, + 2А!СЊ 
mM before reaction — 30 x 0.1 40 x 02 
=3 '=8 0 0 
mM after reaction 0 (8-1) 3 2 
3 mM of BaCl, reacts with one mole of А1,(5О4);. 








mM of BaSO, formed = 3 = x 1000, 
mol. wt. 
n f BaSO, formed = 2233 = 0,699 
wt. of BaSO, formed - 1000 ^9 £ 


The above question may also be solved in terms of normality. We 
have Molarity x Valence factor = Normality. Also balancing of equation 
is not necessary in this concept. 

BaCl, T Al,(SO4)3 РР BaSO, F AICI, 
Мед. before reaction 30 x 0.1 x2 40х02х6 





=6 48 0 0 
Мед. left after reaction 0 42 6 6 
Мед. of BaSO, formed = 6 = На “ 1000, 
6 x 233 
w^ отоо 7455 


Solution 100. СаСОз(5) + 2HCl(ag.) — СаС! ад.) + CO (g) + Н,0(0). 
Меч. of СаСО, = Meq. of HCI 





10075 * 10007 25 x 0.75 x If» Мед. =N x Vogt = (MIL) х Vg] 


Мсасо, = 0.9375 р = 0.94 g (For НСІ, М = № 
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Solution 101. Мед. of NaOH = Мед. of НС! = Meg. of NaCl 
N х Vg, =МХ Ры на = Миср; Мон = Ммаон) 
1х V=2 x 200 
V- 400 mL 
Мед. of NaCl ~ 2 х 200 = 400 





z 5 — x 1000 = 400 
5o» 
Умас!= 23.4 g 
Solution 102. Let a moles Na;CO; and a moles of NaHCO; be present іп 1 g mixture. 
ах 106 +ах 84 =1 
ог а = 5.26 x 10? 


Now for reaction : 
Мед. of HCI = Мед. of Ма,СО, + Мед. of NaHCO, 


0.1 x 1 x V 22x526x 10? x 1000 + 1 x 5.26 x 1073 x 1000 
V = 157.8 mL 


Solution 103. CHCl, present in 15 ppm or 109 g (or mL) Н,О contains 15 g СНСІ; 


15 
% В =———_х100 = 15x19? 
(1) о By mass (15 +10") x 5 
C 15/119.5 d 
(1) Коа =1,25х10 m 


Solution 104. 100 р solution contains 10 g Мас! 


TS: 100 : 
и = 108, та = 58.5, Volume of solution = 1071 х 1000 litre 


но” 100 – 10=90 р 
Wt. of solute _ 10x 1.071 x 1000 


mol.wt. of solute x Vipu ^ 585x100 ЗЭ 


Molarity = 
Wt. of solute 


Molality = қ : 
ay mol.wt. of solute x weight of solvent in Kg 


_ 10x 1000 


PES ee 


Mole fraction of NaCl Hat Jie 7 0.03 


m^ M 85218 
Mole fraction of H,O = 1 - 0.03 = 0.97 


130 
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Problems for Self Assessment 


When a mixture of 10 mole of SO,, 15 mole of О, was passed over catalyst, 8 
mole of SO4 was formed. How many mole of SO, and O, did not enter into 
combination? 

One litre of CO, is passed over hot coke. The volume becomes 1.4 litre. Find the 
composition of products, assuming measurements at NTP. 


A sample of potato strach was ground in a ball mill to give starch like molecule 
of low molecular weight. The product analysed 0.086% оғ phosphorus. If each 
molecule is assumed to contain one atom of phosphorus, what is the molecular 
weight of material? 


A mixture of 1.65 x 10?! molecules of x and 1.85 x 10?! molecules of y weigh 
0.688 g. № the molecular weight of y is 187, what is the molecular weight of x? 
An oxide U,O, is obtained on heating ОО (МО); 2Н;О above 800°C. However 
on heating UO;(NO3); zH50 gentally only water of hydration is lost. On heating 
1.004 g ЏОХМО);-28%0, 0.788 g of UO;(NO3); is formed. Calculate the water 
of hydration in sample. 

А sample of uranium тега! (0.169 g) is heated to 800 to 900?C in air to give 
0.199 g of a dark green oxide, U,O,. How many moles of uranium metal were 
used? What is the empirical formula of oxide? How many moles of U,O, must 
have been obtained? 

Three different brands of liquid chlorine are available in the market for the use in 
purifying water of swimming pools. АП are sold at the same rate of Rs. 10 per litre 
and all are water solutions. ‘Brand A contains 10% hypochlorite (CIO”) (wt./vol.), 


brand B contains 7% available chlorine (Cl) and brand C contains 14% sodium 
hypochlorite (NaCIO). Which of the brand you buy? 


There are available 10 tons of a coal sample containing 2.5% sulphur. Two coal 
samples containing 0.8% and 1.1% sulphur are also available. How many tons of 
each of the later two samples should be mixed with the original 10 tons to give 20 
tons sample containing 1.7% sulphur? 


CS, and Cl, in the weight ratio 1: 2 are allowed to react according to equation: 
CS, + 3Cl, — ССІ, +S Cl, calculate: 

(a) Which reactant is limiting reagent. 

(b) Which reactant and what fraction of it is left over. 

K,[Fe(CN)g] reacts with Zn^* forming K;Zn4[Fe(CN)g];. What volume of 0.018 

M K,[Fe(CN)g] would be required to react with 150 mg of Zn? ion in solution. 


20 g КСО: on heating gives enough О» to react completely with Н, produced by 
the action of Zn on dil. H5SO,. Calculate the weight of Zn required for this. 
Analysis of chlorophyll shows that it contains 2.68 per cent magnesium. How many 
atoms of magnesium does 1.0 g of chlorophyll contain? 

А metal oxide XO, reacts with Но to give metal and water. If 15.99 р of XO, yields 


6.0 g of water, calculate the atomic weight of X. 
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14. 


19. 


20. 


21. 


22. 


А 25 g charge of the explosive TNT is detonated in an evacuated 5 litre container. 
2CjH5(NO5)4 —— 12CO(g) + 2C(s) + 5H5(g) + ЗМж 2) 

(a) Calculate (ће mass of carbon deposited. 

(b) Calculate the final pressure of the system at 230?C. 

(c) Calculate the partial pressure of №, under these conditions. 


Balance the following equation which represents the combustion of pyrites, 
(Ес5,), a pollution causing impurity in same coals. Calculate: 

FeS, + О, —> Ғе;Оҙ + 50, 
(a) The volume of 50, measured at NTP that would have been obtained by 


complete combustion of 10? kg of coal containing 0.05% by mass of pyrite. 
(b) The volume of air measured at NTP used in oxidation of pyrite in step (а) 
assuming. that air contains 20% oxygen by volume. 
(е) Mie volume of 6 M NaOH required to react with SO, produced during step (а). 


А mixture of oxygen and CO on exposure to UV light gives Оз and CO». If 100 
ml. of gas mixture were taken in which volume ratio of O5 and CO were 


1.015 : 1, how many mL of each gas will be present in the mixture if it measures 
90.34 mL and the ratio of СО, and CO in mixture is 0.2419 : | volume per cent. 


12% solution of urea by weight is diluted by adding 7% urea solution by weight. 
What weight ratio should the solution be mixed to get a 9% solution by weight. 

5.22 x 10 ^ mole of a mixture containing H5, О, and М; exerted a pressure of 67.4 
mm in a certain standard volume. The gas was passed over a hot platinum filament 
which combined Н, and О, into НО which was frozen out. When the gas returned 


to same volume, the pressure was 14.3 mm. Extra oxygen was added to increase 
the pressure to 44.3 mm. The combustion was repeated, after which the pressure 
read 32.9 mm. What was the mole fraction of Hj, О, and N, in gas sample? 


A mixture of oxygen and hydrogen is analysed by passing it over hot copper oxide 
and through a drying tube. Hydrogen reduces the CuO according to the equation: 
СиО + Н, — Си + H,O. Oxygen then oxidises the copper formed: 


Cu + О —> СиО. 100 cm? of the mixture measured at 25°C and 750 mm yield 
84.5 ст? of dry oxygen measured at 25°C and 750 mm after passing over CuO 
and drying agent. What is the mole per cent of Н in the mixture? 


A gas mixture of 3 litre of propane and butane on complete combustion at 25°C 
produced 10 litre of СО». Find out the composition of mixture. 


А gaseous hydrocarbon was exploded with excess of oxygen. On cooling a 
contraction of 1.5 times of the volume of hydrocarbon taken was observed. A 
further contraction equal to double of the volume of hydrocarbon was noted, on 
treatment with aqueous NaOH. Find out molecular formula of hydrocarbon. 

А 10 litre box contains 41.4 g of a mixture of gases C,Hg and СҮН». At 44°C the 
total pressure is 1.56 айт. The analysis of gas mixture shows 87% carbon and 13% 
Hy. Calculate: 

(а) The formula of gases present in the box. 

(b) The moles ob each pas in the box. 
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23. 


24. 


25. 


26. 


27. 


28. 


32. 
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A polymeric substance, tetrafluoroethylene, can be represented by the formula 
(СР рх, where х is a large number. The material was prepared by polymerizing 


СЕ, in the presence of a sulphur-bearing catalyst that served as a nucleus upon 
which the polymer grew. The final product was found to contain 0.012% S. What 
is the value of x if each polymeric molecule contains 

(a) 1 sulphur atom, 

(b) 2 sulphur atoms? In either case, assume that the catalyst contributes a 

negligible amount to the totai mass of the polymer. 

А gas known to be a mixture of propane (C3Hg) and methane (СН, ) is confined 
in a vessel at temperature 7 and pressure 320 mm of Hg. The gas is burnt in excess 
О» and all the carbon is recovered as СО». This СО, shows a pressure of 448 mm 


of Hg if kept in the same vessel at temperature T. Calculate the mole fraction of 
propane in mixture assuming ideal gas behaviour. 


3 g of carbon were heated in a closed vessel with 7 g of oxygen. At the end of the 
reaction, по solid residue was left behind. Assuming the initial pressure to he 
1 atm and the temperature to be 25°C, what would be the weights of CO and 
СО, formed. 

А known amount of NaCl was heated with conc. Н,8504. The gas evolved was 
completely absorbed in water and then neutralised by NH4OH. The resulting 
solution was allowed to react with NaNO; and a new gas was formed again. This 


was collected at NTP. The volume collected was 2.464 litre. What weight of NaCl 
was taken. 


Calculate the molarity and molality of a given solution of ethanol in water, if the 
mole fraction of ethanol is 0.04 and its density is 0.97g/mL- !. 

135 mL of 0.224 M MgSO, solution was heated until the solution becomes 105 
mL due to evaporation of water. Calculate the molarity of concentrated solution. 

Two monobasic acids А and В are titrated separately against 1 N Na CO; solution. 
10 mL of A requires 25 mL of Ма)СО solution whereas 40 mL of B requires 
25 mL of Ма-СОң solution. What volume of A and B should be mixed to produce 
one litre of 1 N acid solution. 


You are given one litre each of 0.183 M НСІ and 0.381 М НСІ. What is the 
maximum value of 0.243 M НСІ which you can make from these solution. (No 
water 18 added). 


A magnesium ribbon, when burnt in air, left an ash containing MgO and Mg3N>. 
Тће ash was found to consume 0.06 mole of HCI, when it was taken in solution, 
according to the reactions. 
MgO + 2HCI — > MgCl, + HO 
Mg,N, + 8HCI — > 3MgCl, + 2NH,4CI 

The solution so obtained was treated with excess of NaOH, when 0.004 mole of 
МП; was evolved. Calculate the weight of magnesium that was burnt. 

500 mb. of 2M ИСТ, 100 ml. of 2M. 1550, and one р equivalent ol a monoacidic 


alkali are mixed. together, 30 ml. of this solution. tequied 20. ml, of 


Molt 


4 
E 
` 


36. 


37. 
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Na СО 44H50 solution obtained by dissolving 143 р Ма›СОз xH5O in one litre 
solution. Calculate water of crystallization of Ма›СОз хН:О. 

The saponification no. of fat or oil is defined as the no. of mg of KOH required to 
saponify | g oil or fat. A sample of peanut oil weighing 1.5763 g is added to 25 
mL of 0.4210 M KOH. After saponification is complete, 8.46 mL of 0.2732 
M H SO, is needed to neutralize excess of KOH. What is saponification no. of 


peanut oil? 
For the standardisation of а Ва(ОН), solution, 0.2 р of potassium acid phthalate 
(m. wt. 204.2 р) weighed which was then titrated with Ва(ОН)» solution. The 
titration requires 27.80 mL Ba(OH), solution. What is molarity of base? The 
equation for reaction 1s 

2КНС,1,О, + Ва(он), — 29,0 + 2K* + 2C4H40;. + Ва“ 
What volume of 6 M NaOH would be required to react with SO, produced from 
109 kg of coal containing 0.05% by weight of FeS». 

4FeS, + ПО, —> 2Fe,0; + 850, 


10 litre of air at NTP were slowly bubbled through 50 mL ог Ba(OH), solution 


and the final solution rendered red with phenolphthalein. After filtering the 
solution and rejecting the precipitate of BaCO}, the filtrate required 22.5 mL of 
N 
125 
air. 


HCI to become just colourless. Calculate the 90 of СО, (by volume) in the 


You are given an acid and told only that it could be citric acid (molar mass 
192.1 p/mol) or tartaric acid (molar mass = 150.1 g/mol). To determine which 

acid you have, you react it with NaOH. The appropriate reactions are, 

Citric acid : CgHgO7 + 3NaOH --> Na4C4H50; 43Н,О 

Tartaric acid: СНО, + 2NaOH —> Na,C4H50, + 29,0 

You find that a 0.956 g sample requires 29.1 mL of 0.513 M NaOH for a 

stoichiometric amount. What is the unknown acid? 
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Answers 


1. SO; = 2 mole, О, = 11 mole ; 2. СОз = 0.6 litre, CO = 0.8 litre ; 
3. 36х10“; 4. 230 ; 

5. 6 mole НО; 

6. 3.56 x 107° mole U3Og, 7.10 x 10 ^ of uranium ; 

7 

8 

9 


. Brand ‘В’ contains maximum conc. of СІ, i.e., 1.97 x 105 M : 
. 3.3 tons of 1.1% and 6.7 tons of 0.8% ; 
. (a) Clo, (b) 0.286 of CS, in excess ; 
10. 84.98 mL ; 11. 31.83 2; 
12. 672x 1020 atoms ; 13. 95.91 ; 
14. (a) 1.32 g C, (b) 9.1 atm, (c) 1.365 atm ; 
15. (а) 186.67 litre 50, (b) 1.283 х 10? litre air, (c) 2.78 litre NaOH ; 
16. О; = 31.04 mL , СО = 39.97 mL, СО; 29.67 mL, Оз = 9.67 mL ; 


172221 ЗЕ 18. H= 0.623, О, = 0.262, М. = 0.114 ; 
19. 10.33% ; 20. C3Hg -2litre, С4Ню =! litre ; 
21. C2H3 5 


22. (а) СНз and Сен)», (b) C5Hg = 0.45 mole апа C5H2 = 0.15 mole ; 
23. (a) 2.7 x 10? formula unit/mol, (b) 5.3 x 10? formula unit/mol ; 


24. 0.2 ; 25. СО = 1.75 g, СО; = 825g ; 

26. 6.435 2 ; 27. Molality = 2.315, Molarity = 2.029 , 
28. 0.288 M ; 29. A=200 mL, В=800 ті. ; 

30. 1434.78 mL, Note: 0.183 М НСІ is to be fully used ; 

31. 0.672 2; 32. 10 НО ; 

33. 209.8 ; 34. 0.0176М ; 

35. 2.80 mL 36. 0.0224% ; 


37. Citric acid = 14.93 Meg. of citric acid requires 14.93 Мед. of NaOH. 


ч» > 





Ба 


10. 


1. 
12. 


5 с 
. Frequency, у= = 


. Energy/photon, Е = hv — ш 


- Electronic energy change during transition, ДЕ = E, — En 


Atomic Structure 
Chapter at a Glance 


; т 
Mass of electron at high speed, т = === 
N= oy] 
(т іх mass in rest, и is velocity of electron and c is velocity of light) 


A 


19274 
Also, Е= === eV. if À isin A 
А A 


! 
nz > п, emission spectra if electron jumps from nz to nı shell 


and absorption spectra if electron excites from n; to n shell 
2,2 








Radius of nth Bohr orbit of Н atom, r,=—","— , (in C.G.S) 
4T те“ 
б rj for H 
rı for H=0.529Å; rı for H like atom = 
. Velocity of electron in nth Bohr orbit of H atom, и, = 2ле (in C.G.S.) 


uy for = 2.1847 x 108 cm sec !, uj for Н like atom = и) for Hx Z 


Energy of electron in nth Bohr orbit of H atom, Е, = im те (in C.G.S.) 
"ғ 


E, for H = ~ 21.72 x 10712 erg =- 13.6 eV, Еј for Н like atom = Ej for Hx 22 


. Wavelength emitted during transition in H atom, 


-Ён 





4 
т n5 ch? n; n) 





1] 2x m&[1 1 
is ЗГ |; = 5 (in C.G.S.) 


Mosley’s law, vv 2a(Z- b), where v is frequency of X-rays given out by 
metal of at. no. Z 
A, Xj 
Ў XTotal 
Photo electric effect ћу гэг + ти“ ог  hv-LE. 4 К.Е. 


Average atomic weight = 





Possible transitions for a jump from n3 to ni = У (но — ni) 
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. Angular momentum of electron in ап orbit = n. (h/2n) 
. Angular momentum of electron іп an orbital = (4/27) V[/(/ + 1)] 


. Total spin = + (+ x п); where n is no. of unpaired electrons 


. Magnetic moment of an atom = VIn (п+2)] B.M.; where п is no. of unpaired 


electrons. 


Nodal planes : Radial nodes --1-1 
Angular nodes = / 
Total nodes = (n - 1) 


; ; 
de Broglie equation : „= — Ч С 


ти V2x KE m 
where À is wavelength, m is mass and и is velocity ol particle 
Heisenberg uncertainty principle : 


че h 
— 


Ан. Ах > 
die: Атт 


where Ap, Ди and Ax are uncertainties in momentum, velocity and position 
respectively / is Planck's constant and m is mass of subatomic particle. 
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> Problem 1. 


">> Problem 2. 


> Problem 3. 


> Problem 4. 


> Problem 5. 


. > Problem 6. 


> Problem 7. 


» Problem 8. 


» Problem 9. 
» Problem 10. 


» Problem 11. 


> Problem 12. 


> Problem 13. 


The Basic Problems with Solutions 





Nucleus of an atom has 6 protons and 8 neutrons. Calculate at. no., 
mass no. and no. of electrons in neutral atom. What is the symbol of 
atom? 
Uranium has at. no. 92 and atomic weight 238.029. Calculate the 
number of protons, neutrons and electrons in uranium atom. 
(i) Calculate the number of electrons which will together weigh one 
gram. 
(ii) Calculate the mass and charge on one mole of electrons. 
(i) Calculate the total number of electrons present in 1 mole of methane. 
(1) Find (а) the total number and 
(b) the total mass of neutrons in 7 mg of ЕС. 
(Assume that mass of a neutron = 1.675 х 1077 kg). 
(iii) Find (a) the total number of protons and (b) the total mass of 
protons in 34 mg of NH; at STP. 
Will the answer change if the temperature and pressure are changed? 
Nitrogen atom has at. no. 7 and oxygen has at. no. 8. Calculate the 
total no. of electrons in a nitrate ion. 
Yellow light emitted from a sodium lamp has a wavelength (A) of 580 
nm. Calculate the frequency (v), wave number and energy of yellow 
light photon. 
Find energy of each of the photons which : 
(a) correspond to light of frequency 3 x 10° Hz, 
(b) have wavelength of 0.50 A. 
The Vividh Bharati Station of All India Radio, Delhi broadcasts on a 
frequency of 1368 kHz (kilo hertz). Calculate the wavelength and 
wave number of the electromagnetic radiation emitted by the 
transmitter. Which part ofthe electromagnetic spectrum does it belong 
to? 
Calculate the mass of a photon with wavelength 3.6 À. 
Calculate the wavelength, frequency and wave number of a light wave 
whose period is 2.0 x 107 ps. 
What is the number of photons of light with a wavelength of 4000 pm 
that provide 1 J of energy? 
Electromagnetic radiation of wavelength 242 nm is just sufficient to 
ionise the sodium atom. Calculate the ionisation energy of sodium in 
kJ mor. 
A 25 watt bulb emits monochromatic yellow light of wavelength of 
0.57 um. Calculate the rate of emission of quanta per second. 
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> Problem 14. 


> Problem 15. 


> Problem 16. 


> Problem 17. 


> Problem 18. 


> Problem 19. 


> Problem 20. 
» Problem 21. 


> Problem 22. 


> Problem 23. 


» Problem 24. 


»- Problem 25. 


> Problem 26. 


»- Problem 27. 


» Problem 28. 
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Calculate the mass of a photon of sodium light having wavelength 
5894 А and velocity, 3 х 10% ms^!, л = 6.6 х 10-34 kg m? 57. 

Show that radius of II shell of H-atom is almost four times of I shell. 
The ionisation energy of He” is 19.6 x 10-18 J atom. Calculate the 
energy of first stationary state of Li?* 

What is the wavelength of light emitted when the electron in a hydrogen 
atom undergoes transition from an energy level with я = 4 to an energy 
level with n = 2? 

How much energy is required to ionise a H-atom if the electron 
occupies и = 5 orbit? Compare your answer with the ionization energy 
of H-atom (energy required to remove the electron from n = | orbit). 
The energy associated with the first orbit in the hydrogen atom is 
-2.17 x 10778 J atom". What is the energy associated with the fifth 
orbit? 

Calculate the radius of Bohr's fitth orbit for hydrogen atom. 
Calculate the wave number for the longest wavelength transition in 
the Balmer series of atomic hydrogen. (Ең = 109677 стг!) 

What is the energy in joules, required to shift the electron of the 
hydrogen atom from the first Bohr orbit to the fifth Bohr orbit and 
what is the wavelength of the light emitted when the electron returns 
to the ground state? The ground state electron energy is 2.18 х 107"! ergs. 
The electron energy in hydrogen atom is given by En = 
(-2.18 x 107152 J. Calculate the energy required to remove an 
electron completely. from the и = 2 orbit. What is the longest 
wavelength of light in cm that can be used to cause this transition? 
According to Bohr's theory, the electronic energy of H-atom іп и" 


2176 x 10719 


Bohr orbit is given by Е,-- 5 joule. Calculate the longest 
n 


À of light that will be needed to remove an electron from III Bohr's 
orbit of He* ion. 

Calculate the wavelength and energy of radiation emitted for the 
electronic transition from infinity to stationary state for one H-atom. 
Given £, = –13.6 eV. 

What transition in the hydrogen spectrum would have the same 
wavelength as the Balmer transition n = 4 to n = 2 of Не“ spectrum? 
How much energy is needed to obtain to H-atom in first excited state 
from ground state. 

Calculate the energy required for the process; 


He'(g) —9 Не (р) + e 


The ionization energy for the H-atom in the grounds state is 
2.18 x 1075 J atom”. 


„> Problem 38. 


„ > Problem 42. 
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>РгоМет 29. 


»-Problem 30. 


> Problem 31. 


> Problem 32. 


»- Problem 33. 


» Problem 34. 


> Problem 35. 


> Problem 36. 


> Problem 37 


> Problem 39. 


> Problem 40. 


> Problem 41. 


> Problem 43. 
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Calculate the wavelength of 1000 kg rocket moving with a velocity 
of 3000 km per hour. (^ = 6.626 х 104 Js). 

A 1.0 g particle is shot from a gun with velocity of 100 m/sec. 
Calculate its de Broglie wavelength. 

Calculate the wavelength of a moving electron having 4.55 x 10725 J 
of kinetic energy. 

Calculate the wavelength of an electron moving with a velocity of 
2.05 x 107 ms. 

The mass of an electron is 9.1 x 107°! kg. If its К.Е. is 3.0 x 10725 J, 
calculate its wavelength. 

Two particles А and B аге in motion. If the wavelength associated 
with particle 4 is 5 x 1075 m, calculate the wavelength associated 
with particle B if its momentum is half of А. 

Calculate the uncertainty in the velocity of a wagon of mass 2000 kg 
whose position is known to an accuracy of +10 m. 

Calculate the uncertainty in position of a dust Вау үн mass equal 
to 1 mg if the uncertainty in its velocity is 5.5 x 1072 

А dust particle having mass equial to 107"! g, diameter rod cm and 
velocity 107 ст вес". The error in measurement of velocity is 0.1%. 
Calculate uncertainty in its position. Comment on the result. 

А photon of wavelength 4 х 1077 m strikes on metal surface, the work 
function of the metal being 2.13 eV. Calculate : 
(0) the energy of the photon (eV), 
(ii) the kinetic energy of the emission, and 
(iii) the velocity of the photoelectron (1 eV = 1.6020 х 1079 J). 
Electrons are emitted with zero velocity from a metal surface when it 
is exposed to radiation of wavelength 6800 A. Calculate threshold 
frequency (vo) and work function (Wo) of the metal. 
The minimum energy required for the emission of photoelectron from 
the surface of a metal is 4.95 х 107!" J. Calculate the critical frequency 
and the corresponding wavelength of the photon required to eject the 
electron. h = 6.6 x 10755 J sec ` 
The energy required to remove an i Menon from the surface of sodium 
metal is 2.3 eV. What is the longest wavelength of radiation with which 
it can show photoelectric effect? 
Light of wavelength 300 х 1077 m strikes a metal surface with 
photoelectric work function of 2.13 eV. Find out the kinetic energy of 
the most energetic photoelectron. 
The critical fi u for emitting photoelectrons from a metal surface 
is 5 x 10™ . What should be the frequency of radiation to produce 
м Т having twice ше хэ energy of those produced by 
the radiation of frequency 1015 
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» Problem 44. A metal surface of threshold frequency 5.3 x 10!4 бес! is exposed to 
a photon of radiation having energy 3.5 х 107? J. Will it exhibit 
photoelectric effect? 

> Problem 45. Point out the followings : 

(a) How many energy subshells are possible in n — 3 level. 
(b) How many orbitals of all kinds are possible in n = 3 level. 
» Problem 46. How many electrons may enter the orbital denoted by 


(a) 2p, (b) Is, (c) 3p, (d) за 
> Problem 47. What values are assigned to quantum numbers л, /, m Юг: 
(a) 3s, (b) 4p,, (c)4d у, _ (9) 542. 


> Problem 48. Given below are the sets of quantum numbers for given orbitals. Name 
these orbitals. 


(а) п=3 (Мп-5 (с) п=4 (d) n=2 (е) n =4 


1-1 1-2 1-1 1-0 сэ) 
m =-1 m =0 т = +1 m -0 m ~ +2 
» Problem 49. Calculate the angular momentum of the following : 
(a) 3rd orbit, (b) 4p orbital, (c) 3d.orbital. 
Э- Problem 50. What are the numbers of nodes present in : 
(a) Is, (b) 25, (c) 2р, (d) 3p orbitals ? 


> Problem 51. An atom of an element has 13 electrons. Its nucleus has 14 neutrons. 
Find out atomic no. and approximate atomic weight. Indicate the" 
arrangement of electrons and the electrovalency of the element. 

> Problem 52. А neutral atom of an element has 2K, 87, 9M and 2N electrons. Find 
out the following: 


(а) Atomic no., (b) Total no. of s-electrons, 
(c) Total no. of p-electrons, (d) Total no. of d-electrons, 
(e) Valency of element, (f) No. of unpaired electrons. 


> Problem 53. If there were three possible values (—, 0, +) for the spin magnetic 
quantum number, m, how many elements would there be in the 4th 
period of periodic table in 4s, 4p, 4d respectively. 

> Problem 54. Calculate total spin, magnetic moment for the atoms having at. no. 7, 
24, 34 and 36. 

> Problem 55. The sodium flame test has a characteristic yellow colour due to 
emissions of wavelength 589 nm. What is the mass equivalence of 
one photon of this wavelength? 

> Problem 56. Write electronic configuration of Fe?*, ми", N? and O^ ions. 

» Problem 57. What is the maximum number of emission lines when the excited 
electron of a H-atom in и = 6 drops to the ground state? 

> Problem 58. Calculate the magnitude of spin angular momentum of an electron. 

> Problem 59. What is the significance of >. Find out angular momentum, spherical 
nodes and angular node for 1; |0. 
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Answers 
Г 55.4, 265 2. 92,92, 146; 
3. (1) 1.097 x 107 electron, (ii) 5.48 х 107 р, 9.99 х 10° Coulomb; 
4. (i) 6.023 x 1024 electron, (ii) (а) 24.09 x 107°, (b) 40.35 x 1077 kg, 
(iii) (a) 1.2046 x 1022, (b) 2.014 x 1077 kg; 
550132: 
6. 5.17 x 101^ Hz, 1.724 x 106 т, 34.25 x 10779 J/photon; 
7. 1.988 x 10715 J, 3.98 x 10773, 
8. 2193 m, 4.56 x 10? т! (radiowave); 
9. 6.135 x 10733 kg 
10. 50x10?s, 60x 10? m, 16.66 т '; 
11. 497x1077,2.01 x 1016 photons; 12. 494.48 kJ тог; 
13. 217%10 5 14. 3.73 x 10736 kg; 
15. See solution; 16. 44.1 x 107! J шот”; 
17. 485.2 nm; 18. -8.71 x 107? J, 0.04; 
19. -8.68 x 10720 J; 20. 1.3225 пт; 
21. 1.523 x 100 т; 22. 2.09 x 107! erg, 951 А; 
23. 3646 À; 24. 2061А; 
25. 21.79х 10?! J, 912 A; 26. 1,2; 
27. 10.275 eV/atom; 28. 872x105; 
29. 7.95х 10° m; 30. 6.63 х 1077 m; 
31. 727х107 meter; 32. 3.2x10 m; 
33. 8966 А; 34. Ix107m; 
35. 2.64 х 10?? ms; 36. 946x109 т; 
37. 0.527 x 107°, 0.527 x 107, 
38. 4.97 х 10-9 J, 0.97 eV, 5.85 х 107 тв”, 
39. 292х10:91,441х 1012 вес; 40. 75х10" s, 4x 107 m; 
41. 54х 1077 т; 42. 3.216х 1073); 
43. 15х 10! sec"; 44. 528х10 сесті; 
45. (а)3,(5)9; 46. 2,2,6,10; 
47. See solution; 48. See solution; 
h УЗ Л 
49. ЗА, Jon’ Б к 
50. (а) zero, (b) one spherical node, (c) one angular node, (d) two angular node; 
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13, 27, +3; 
(а) 21, (b) 8, (c) 12, (d) 1, (e) +2 & +3, (f) 1 (of 34); 
See solution; 


43/2, £3, +1, 0, magnetic momentum 5415), \/(48 : 4G. (о) : 


3.74 х 10726 kg 56. See solution; 
15; 58. уза 
4 т 


n=2,/=1,m=0; жо en 
N20 
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Solution 1. 


Solution 2. 


Solution 3. 


Solution 4. 





Solution 


At. no. of element (Z ) = number of protons 
Z-6 
Mass no. of element (4) = no. of protons + no. of neutrons 
=6+8 | 
А= 14 
no. of electrons in neutral atom = 6 
Symbol of element = е" 


At. по. of uranium = 92 


no. of protons = 92 
no. of electrons = 92 


Also, mass no. « At. wt; (Mass no. is integer.value) 
Я mass по. = 238 
A=Ztn 


п = 238 — 92 = 146 
(i) 9.108 10°78 g= 1 electron 


І 
9108x102 = 1097 x 1077 electron 


(ii) Mass of 1 mole electron = 9.108 x 10728 x 6.023 x 1073 
= 5.48 x 10g 
Charge of | mole electron = 1.66 х 1077 x 6.023 х 1023 
= 9.99 х 10“ Coulomb 


(i) 1 mole CH, = М molecule CH, 
= N x 10 electron = 6.023 х 1024 electron 


(ii) (a) An atom of ХӨ has 8 neutrons 
7 mg ee 7x10? g 


_ 7x10? 7x10? x6023x10? 
= — ——- mole = —————————— a 
14 14 
-3 23 
No. of neutron = Deo = 24.09 x 1020 
(b) Mass of neutrons = 24.09 x 1029 x 1,675 x 10727 
= 40.35 x 1077 kg 


1в= 


tom 


Ls 34 x 107? 
(iii) 34 mg МН; = 34 x 10? g МН; = — mole NH; 
2 х 10? mole МН; 
2 х 107 x 6.023 х 1023 molecule NH; 
12.046 x 1079 molecule NH; 
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(a) .. Number of proton in 1 molecule МИ, = 10 
Total no. of proton = 12.046 х 1020 x 10 
= 1.2046 х 10” 
(b)Mass of total proton= 1.2046 х 1022 х 1.672 х 10-27 
= 2.014 x 1077 kg 
No, the answer will not change since mass of NH; does not depend on 


Р and T. 
Solution 5. Formula of nitrate ion = МО,” 
си . No. of electron in МОҙ” = Electrons іп М + 3 x electrons т О + 1 
=7+3х8+1=32, 
Solution 6. Frequency (о) = > = көй = 5.17 х 10 Hzor s“ 
——M 580x107 
1 1 6 
Wave по. (о) = yr = 580x102 ^ = 1.724 x 10 m 


E= Во = 6.625 x 1075 x 5.17 x 1014 
= 34.25 x 10729 J/photon 


Solution 7. (а) E= hv = 6.625 x 1073 x 3.0 x 10? = 1.988 x 10-18} 


hc _ 6625x107* x 30x 10° " 
b E= ~ = = 2398x105J 
(5) А 0550 х 107! 
Solution 8. Given v = 1368 х 10? Hz (sec^'), Also c = 3.0 x 108 ms"! 
„=© апа Ци (wave по.) 
о X 
30 x 10° 
=— — = 219.3 т 
1368 х 10 
| ер А. = 4.56 х 107 т 
а М”, 2193 


The wavelength lies in the range of radio wavelengths (А. = 10? to 107 m) 


Solution 9. For dual nature of light : А = — 


h 6.626 x 10-34 3 
ты uc k 
pe "Ом 36x10" x 30x д 
Solution 10 Егедиепс ——M—Ó DI m 
жоны зе: 4 y Period 2x107!° у 
3.0 х 107 
Wavelength = — = M = 6.0 x 107 m 
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Lu bot -i 
Wave no. = X ^ 60х105. 16.66 m 


Solution 11. — E/photon = — = ——-— ———..— = 4,97 х 107!" J 
olution /photon n 4000 x10 


1 
No. of photon | J energy = 491x107 = 2.01 x 10! photons 


hc _ 6625x107 x 30x 10° 
Solution 12.  E/photon =lonisation energy of Na = “= = ke 


= 8.21 x 10-3 J/atom 
= 8.21 x 1079: x 10-3 kJ/atom 
= 821 x 107? x 1073 x 6.023 x 1023 kJ/mol 


= 494.48 kJ/mol 
hc 6625x107 x 30x 10° 
Solution 13. E/photon = омы хы 76 == = 34.86 x 107207 


Watt = No. of photons emitted/sec. х SPI Bhonn (Watt = 25 Js!) 
25 — No. of photon x 34.86 x 10-20 


25 А 
. Бос ЕС. E 92-1 
. No. of photons emitted 3486x 10 ^ 7.17 х 10" s 


Solution 14. Wavelength of photon, 1 = 5894 А = 5894 х 10-10 т 





Velocity of light, с-3 х 108 ms"! 
Mass of photon 66x 10 
oto > co Apo m — олып eee 
у ck 3x 108 x 5894 x 10-10 
= 3.73 x 10736 kg 
Solution 15. -~ Р, < и? 
Thus, Ру < 12 
and ry x 2 
5 -4х п 
Solution 16. Е, for Не" = Е, for H x 2 = E, x4 
E, for Li?* = Е, for H x 22 = в,х9 
E; for Li?* = E, for He* x 9/4 = 19.6 x 10718 x 9/4 
= 44.1 x 107153 atom! 
-136 ( 136 ( Е, \ 
Solution 17. АЕ = Ва –Еу= 42 7473] |" Е, Bs 
ee 4 2 х 


+13.6 x3 
= ere ВУ 


AE = 16 
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12375  136x3 


А 16 
^ = 4852 А = 485.2 nm 





(А in А) 


Solution 18. Е, = —13.6 eV; 





-136 
Е, = 42 =- 0.544 eV 
= – 0.544 х 1.6022 x 1079 Ј = – 8.71 x 1979 J 
Thus, 0.544 eV energy is required to ionise H atom if electron is in 5" 
orbit. 
Al By 05844, on 
ЯГ Sar db 
Solution 19. E = -2.47 x 105 J 
a Ёр -217«107" 5 
у "Туу = 8.68 х 10 26) 
Solution 20. қ-ғ хи = 0.529 х 5 = 13.225 А = 1.3225 nm 


Solution 21. For Balmer series n; = 2 
If this line possesses longest wavelength (i.e, lowest energy) then n = 3 


r S l l 4 1 6-1 
9-3 = 109677 | 5з уу | 71.523 х 10 cm" = 1.523 x 10° m’ 
Solution 22. E, =-2.18 x 10`!! erg 
-218x 107" 
2 -11 
АЕ = Е, Е = + 2.18 x 107 
=2.09 x 10! erg 
Thus, energy released during transition will also be 2.09 x 107" erg 
AI Mack 
50, ar 
_ 6625x107 x 30x 10? 
2.09 x 107"! 
=9.51 x 10% ст = 951 A 
+18 
Solution 23. Бу--218Х19 545 х 1093 
hc 218x107? 
Also Е = EE t 
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Solution 24. 


Solution 25. 


Solution 26. 


_ 6625x107* x 30 x 108 x 2? 
218 х 10-18 

= 36.46 х 1075 m 

2. -36.46 х 10% ст - 3646 А 

This will be longest wavelength causing the transition. 


À 


2176x107? dud 
Езн АШЫҚ ҰҒЫ Бөз x 1077 joule 


Езне+ = 2° x Ezy = 22410 х 10715 x 4 =-9.64 x 107? joule 
Now if electron is to be removed from III orbit energy equivalent to 
9.64 х 10779 must be provided. Therefore 


puce 
А 
Хи p= Ae _ 6625x107 30х10, х 1078 
E, 9.64 x 10779 
= 2061 х 10 т = 2061 А 
Given : n 7l,n = о 


AE = E, — E, = 0 (-13.6) = 13.6 eV 
= 13.6 x 1.602 х 1077 у = 217.9 x 10720 J 


Also AE =— 


_ 6.625 х 10 7 x 30 x 108 
2179x107? 
-912х107 0 т = 912 A 


-9.12x 1075 m 


1 1 
For Не? : 122 2-2) 
| CES 
X, R*4 3 42 (1) 


1 1 1 
For H atom : г” Кн Е is + ...(2) 


For same А, By eq. (1) and (2); 


рза РЕЖЕ 
[2 4j [m mp 


n=l and и, =2 


2 
^4 
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Solution 27. The excitation to first excited state from ground state means that electron 


Solution 28. 


Solution 29. 


Solution 30. 


Solution 31. 


Solution 32. 


Mass of electron in motion (m') = 


in H-atom is boosted upto 2nd shell from Ist shell. Thus, 





13.7 
AE = E-E; 2 а= 3 eV /atom | 


-137 
1. н 139] = 10.275 eV/atom 


Нер) — Не? (2) + е 
E, for Не? = – 2.18 x 10 8х Z? 
=-2.18 х 10718 х4=- 8.72 x 10-15] 
Energy required for the ionisation of He* = 8.72 x 10-18 J. 


h 3000 x 10? 
= — i -10 = m 
3 21 (Given m kg, и 6060 m/sec) 
6.626 x 10-34 x 60x 60 
IT LO 2795x10 m 


10? x 3000 x 10? 
} 
A s- (Given m = 1.0 g = 1073 kg; и = 100 m/s) 


_ 6626х 1075 


шог = 6.626 х 10733 т 
1x10? х 100 


1 
Kinetic energy = 2 ти? = 4.55 х 10775) 


2. 2х455х10759 


иу = 5 ern eR Ta > и = 103 msec"! 
9.108 x 10 
ћ 6.626 х 10^ 
À = еН с =7.27 х 1077 meter 
ти 9.108х10 7” x10 
туг? 
^ ти 


Mass of electron m' = —========== = 9.16 x 107! 
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Solution 33. 


Solution 34. 


Е) 


Solution 35. 


Solution 36. 


Solution 37. 


By eq. (1) and (2), 


5.5 х 10720 x Ax = 
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6.626 x 10-4 
5 A ; =3.52 x 1071 т 
9.16 x 10?! х2.05х 10 
1 2 
К.Е. = > ти (1) 
h 
из А (2) 
1 e | re 
КЕ. = с=т 55 = a 
2 m2 = ї2тх К.Е. 
Т | 6.626 x 10755 x 6,626 x 10—34 
2x9.1x10?! x 30x 10-25 
= 8966 x 1077 т = 8966 А 
h h 
- and №== 
РА ^" PB 
Ag Р ; l 
Ty (Given Pg = 2 PA) 
5x10 1 
Ха 2 
А» =1х 10-7 m 
h 
Ди. Ax = 77 (Given Ax = 10 m, m = 2000 kg) 
алт 
-34 
КІСЕ 6.626 х 10 


4х 3.14 х 2000 
Au = 2.64 х 10? ша! 


Аи. Ax = тт 
dp Алт 


(Given Аи = 5.5 х 10720 те; m = 1 x 10? x 1073 kg) 
6.626 х 10-34 

4 х 314 х 10 3 x 10? 

Ax 29.6 x 10779 т 


и= 107^ cm вес”! 


01x10 
100 


Au -1x107 cm бес”! 
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Solution 38. 


Solution 39. 


Solution 40. 


NUMERICAL PHYSICAL CHEMISTHY 





Now, Au. Ax = 
4nm 


6.626 х 10-27 


SEE n 510527109 
4x314x10 * x10 





The uncertainty in position as compared to particle — 


diameter 
0527 x 10? 
- CMS = 0.527 x 107 

The factor is very small and almost negligible for microscopic particles. 

hc — 6626x107 x 30x10? 
(a Ерһоюп = — = 2229 T 2491x191? J 

A 4х10” 

117: 

(6) Е = – ти +w 


4.97 х 1079 = эт + 2.13 х 1.6022 х 1079 


1 
КЕ. е 5 ти? = 4.97 х 10-19 — 3.41 х 1079 
= 1,56 х 107! J = 6.97 eV 


ПРЕ; 
(с) тти = К.Е. 
2 
> * 9.108 х 1073! x џ2= 1.56 x 1079 
и = 5.85 х 10° ms! 


hc _ 6626x10™ x 30x 10° 
À 6800 х 10777 
E/photon = 2.92 х 10777 J = work function. 

(The ejection has zero velocity) 


E/photon = = 2.92 х 107! J 


с Зх 108 aA 
Threshold frequency uL METTI E TES = 4.41 x 10" 
х 


Minimum energy required for the emission of photoelectrons 
-495х10771 
Let the critical frequency or threshold frequency of the photon to eject 
the electron ђе v sec '. 

E 495x107? 


We know, E=hv ог v= колко = 7,5 « 10145! 
h 66x10? 
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с 3x10. z 
Also A= =4х10 т 
о 75х10 


Solution 41. Energy required to show photo emission = 2.3 eV 


" =23 x 1.6 x 10? J 


hc 6.626х1074 x 3x 10" 
E 23x16x107? + 
= 5.4 х 1077 т 
Thus longest wavelength to show photoelectric effect = 5.4 х 1077 т 
Solution 42. Energy of photon = Work function + Kinetic energy 


Kinetic energy = Energy of photon — Work function 


hc 
Thus Е= 5 or A= 


h 
= vi. work function 
(5 work function = 2.13 eV = 2.13 x 1.6 x 107" J) 


6.626 х 1073 x 30x10* 


- |--------------- -19 
a 300 х 107? pine 10 


6.626 x 10719 — 3.41 x 1079 
КЕ. = 3.216 x 107! J 
This is the kinetic energy of most energetic photoelectron. 


Solution 43. Given critical frequency - 5 x 1014 ес” 
When surface is exposed to frequency of 1015 ес” 
Energy of photon = hug + К.Е. 
hx 10/5 =h x 5 x 10% - KE. 
K.E. = 10 x hx 105 5 x h x 1079 
=5xhx 1014 
Now for II case, if K.E. becomes twice of this, then 
New K.E. =2 x 5 x h 1014 
The energy of photon = ћу) + К.Е. 

hv =5 х 10 x 52x 5x hx 10" 

v = 15 х 1014 sec !. 


4 3.5 х 18:13 14 ed 
Solution 44. E/photon- hv ог = —34 =5.28 x10 ес 


— 6626 x 10-4 
Since the frequency of the radiation used v < vo, i.e., threshold frequency 
or minimum frequency to show photoelectric effect, it will not show 
photoelectric effect. 


Solution 45. (a) No. of subshells in a shell = no. of shells = 3 
(b) No. of orbitals = (no. of shell? = 32 = 9 


Solution 46. (а) 6, (b) 2, (c) 6, (d) 10 
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Solution 47. 


Solution 48. 


Solution 49, 





Solution 50. 


Solution 51. 


Solution 52. 


NUMERICAL PHYSICAL CHEMISTRY 


(а) 35: n=3, 1-0, т-0 
(b) 4p, : n - 4, 1-1, m-0 
(с) 4d,2_ уг: n=4, 1-2, т--2ог +2 
(d) 54, : п=5, 1=2, т=0 
(а) “ n=3 and 1-1 5 Зр 
Also т=-1 2% Зр, ог 3р, 
(b) 54,2 (с) 4p, or 4p, | 
(4) 25 (е) 44,2 y2 ог 4d,, 
(a) Angular momentum of 3rd orbit = м. us - B - 35 
27. 2T 
(where = 2 and 7- x ) 


д Ж = h 
(b) Augular momentum of 4p orbital = A ҮКІ 41) = DES. Cim 


h 
(c) Angular momentum of 3d orbital = > - ES 77% 


Number of spherical nodes = и – /- 1 
Number of angular nodes = / 
Total nodes = (n — 1) 


(а) Zero, (b) One spherical node, 
(c) One angular node, (d) Two angular node. 
No. of ‘е’ = 13 
No. of protons = 13 
No. of neutrons = 14 
Atomic no. = No. of proton = 13 
App. at. wt. = No. of proton + No. of neutron 
= 13+ 14=27 
Electronic configuration : 152, 252 2p6, 3s? 3p! 
Electrovalency = + 3 i.e., по. of electrons in outermost shell. 


Electronic configuration of neutral atom : 


152 2522р 3523р93а! 452 
Ky и 27. Мі мед; 
(a) At. по. = Total no. of electron in neutral atom = 21 
(b) Total по. of s-electrons = 8 
(c) Total no. of p-electrons = 12 


(d) Total no. of d-electrons = 1 
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(e) Valency of element = +2 and +3 
(due to no. of electrons in outer shell and penultimate d-subshell) 
(f) No. of unpaired electrons = 1 (of 3d) 


1 1 
Solution 53. n-4 1-0 т, 0 m,---,0,t-— foreachm, ie,3in4s 
I 5 2 2 (А 


1-1 ту=—1,0,+1 йе, 9іп4р 


1-2 ту= +2, 1,0 іе., 15 іп 3а 
Thus 4s? : 4p? and За i. e., in all 27 elements would have been in 4th 
period. 
Solution 54. The electronic configuration are : 
IN: 152, 252 2p? unpaired electron = 3 
бг : 152,25 грб, 352 3p 347, 45! unpaired electron = 6 


Se : 152, 252 2p°, 352 Зрб за! 452 ар! unpaired electron = 2 
34 25256 44 1,6 4,10 4.246 ; 
з6Кг : 15,25 2р,35 Зр 3d , 45 4р unpaired electron = 0 
Total spin for ап atom = +1/2 x no. of unpaired electron 


For 7N, it is = 3/2 
For э4Ст, itis = +3 
For 44Se, itis == 
For 36Kr, itis =0 


Also magnetic moment = тп +2)] Bohr magneton 
For 7М, itis = J(15) 


For j4Cr, it is = J(48) 
For зазе, itis -4(8) 
For 3¢Kr, 115 = Vo) 
h h 6.626х 10 > 
Solution 55. = —— о т------ = 3,74 x 10736 kg 
ome mu À.u 589 x10 x 30 х 10 
Solution 56. Ее : 152, 25? 2рб, 352 Зрб 3d , 457 
r Ее2* ; 152, 252 2p6, 352 3p° за? В 
(Note the removal of electron from outermost shell) 
;Mn** : 152, 252 2р, 357 Зр 3d? 
-. 12 5.22.6 
„МУ: 15°, 25^ 2p 
107 152, 252 2p° 
Solution 57. па = 6; т = 1 
No. of lines emitted during transition from 6th orbit to 1st orbit = ZA» 
= 7(6–—1)= 25 


=15 
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Solution 58. 


s= 


NUMERICA . PHYSICAL CHEMISTRY 


З - HE jeme 
The spin angular momentum of electron 2 —\/5(5 + 1) 
л 


: h fh 
The spin angular momentum of electron = ‚у ixl 
ет 


2 2 
_ УЗ 
Ат 
43 
==) 


Solution 59. y represents ап orbital and уу has и = 2, /= 1, m = 0 i.e., 2s subshell. 


The angular momentum = — (1-1) 
т 


Also spherical node in 2s=n—-/-1=2~1-1=0 


Angular node = / = 1 
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»- Problem 1. 


"> Problem 2. 


> Problem 3. 


> Problem 4. 


> Problem 5. 


> Problem 6. 


> РгоМет 7. 


> Problem 8. 


> Problem 9. 


Selected Problems with Solutions ——-———— 


А monoatomic (X) ion has a charge of +3. The nucleus of the ion has a 
mass number of 45. The number of neutrons in the nucleus is 1.14 times 
that of number of protons. Find out: 

(a) Number of electrons in atom X. 

(b) Number of electrons in X?* ion. 

(c) Configuration of X, X?* and ХА? ion. 

(d) Suggest which of these (X, ХЭ" and X^) are paramagnetic. 

(e) The total magnetic moment of X* ion. 

The eyes of a certain member of the raptile family pass a visual signal 
to the brain when the visual receptors are struck by photons of 
wavelength 850 nm. If a total energy of 3.15 x 10715 Fis required to trip 
the signal, what is the minimum number of photon that must strike the 
receptor. (h=6.6X 10738) 

The dissociation energy of Н» is 430.53 kJ тој“, If Н, is exposed to 
radiation energy of wavelength 253.7 nm, what 96 of radiant energy will 
be converted into kinetic energy? 

О» undergoes photochemical dissociation into one normal oxygen atom 
and one oxygen atom, 1.967 eV more energetic than normal. The 
dissociation of О; into two normal atoms of oxygen requires 


498kJm о]. What is the maximum. wavelength effective for 
photochemical dissociation of Ор? | 


А certain dye absorbs light of À = 4530 A and then fluorescence light of 
5080 À. Assuming that under given conditions 4790 of the absorbed 
energy is re-emitted out as fluorescence, calculate the ratio of quanta 
emitted out to the no. of quanta absorbed. 

А photon of 300 nm is absorbed by a gas and then re-emits two photons. 
One re-emitted photon has wavelength 496 nm. Calculate energy of other 
photon re-emitted out. 

Two carbon discs of 1.0 g each are 1.0 cm apart have equal and opposite 


charges. If forces of attractions between them is 1.00 х 10 У М, calculate 
the ratio of excess electrons to total atoms on the negatively charged 
disc. (Permitivity constant is 9.0 x 107 N m? e, 

Calculate the wavelength of first line of Lyman series of ten times 
ionised sodium atom (Z = 11) and compare with the wavelength of first 
line of Balmer series of H atom. 

What is the difference in energy between Is and 2p-orbitals in the 
hydrogen atom? In the X-ray spectrum of Cu, radiation of 1.54 À wave- 
length is emitted when an electron changes from 2p to 1s-orbital. What 
is the energy difference between these orbitals in copper? 
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> Problem 10. 


»- Problem 11. 


»- Problem 12. 


»- Problem 13. 


> Problem 14. 


» Problem 15. 


» Problem 16. 


> Problem 17. 


NUMERICAL PttySICAl. CHEMISTRY 


The ionisation energy of a H like Bohr's atom is 4 Rydberg. 

(i) Calculate the wavelength radiated when electron jumps from the 
first excited state to ground state. 

(ii) What is the radius of I orbit of this atom? 


Given 1А, = 2.18 x 1078 1, 


Calculate the frequency, energy and wavelength of radiations cor- 
responding to spectral line of lowest frequency in Lyman series in the 
spectra of H atom. Also calculate the energy of corresponding line in 
the spectra of 1427, 

(Ен = 1.09677 x 107 па“! , с = 3 х 108 m вес 1, h = 6.625 х 10754) sec) 
The IP, of H is 13.6 eV. It is exposed to electromagnetic waves of 


1028 À and gives out induced radiations. Find the wavelength of these 
induced radiations. 


1.8 g hydrogen atoms are excited to radiations. The study of spectra 
indicates that 2746 of the atoms are in 3rd energy level and 1596 of atoms 
in 2nd energy level and the rest in ground state. IP of H is 13.6 eV. 
Calculate: 
(a) No. of atoms present in Ш and H energy level. 
(b) Total energy evolved when all the atoms return to ground state. 
Consider three electron jumps described below for the hydrogen atom 
X: nz3 (о п=1 
Y.: n-4 to nz2 
Z : п=5 to n=3 
(a) The photon emitted in which transition X, Y ог 2 will have shortest 
wavelength? 
(b) For which transition will the electron experience the longest change 
in orbit radius? 
A series of lines in the spectrum of atomic H lies at wavelengths 
656.46, 486.27, 434.17, 410.29 nm. What is the wavelength of next line 
in this series? 
А hydrogen-like atom (atomic number Z ) is in a higher excited state of 
quantum number я. This excited atom can make a transition to the first 
excited state by successively emitting two photons of energies 10.20 eV 
and 17.00 eV respectively. Alternatively, the atom from the same excited 
state can make a transition to the second excited state by successively 
emitting two photons of energy 4.25 eV and 5.95 eV respectively. 
Determine the values of n and Z. 
Calculate the. Rydberg constant Ён if He* ions are known to have the 
wavelength difference between the first (of the longest wavelength) lines 
of Balmer and Lyman series equal to 133.7 nm. 
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» Problem 18. 


»- Problem 19. 


» Problem 20. 


» Problem 21. 


» Problem 22. 


» Problem 23. 


» Problem 24. 


> Problem 25. 


» Problem 26. 


Consider the following two electronic transition possibilities in a 
hydrogen atom as pictured below: 


n=3 
n=2 
n=l 


(1) The electron drops from third Bohr’s orbit to second Bohr’s orbit 
followed with the next transition from second to first Bohr’s orbit. 

(2) The electron drops from third Bohr’s orbit to first Bohr’s orbit 
directly. 

Show that: 

(a) The sum of the energies for the transitions n=3 to n=2 and 
п=2 {о п= l is equal to the energy of transition for n=3 to п = 1. 

(b) Are wavelengths and frequencies of the emitted spectrum are also 
additive in the same way as their energies are? 

The angular momentum of an electron in a Bohr's orbit of H-atom is 


4.2178 х 107^ kg-m"/sec. Calculate the spectral line emitted when 
electron falls from this level to next lower level. 

Find the quantum по. ‘и’ corresponding to the excited state of He* ion 
if on transition to the ground state that ion emits two photons in 
succession with wavelengths 108.5 and 30.4 nm. 

Calculate the angular frequency of an electron occupying the second 
Bohr's orbit of He* ion. 

Two hydrogen atoms collide head on and end up with zero kinetic 
energy. Each atom then emits a photon of wavelength 121.6 nm. Which 
transition leads to this wavelength? How fast were the hydrogen atoms 
travelling before collision? 


Ry = 1.097 x 10’ m^! and my = 1.67 x 10 77 kg. 

The kinetic energy of an electron in H like atom is 6.04 eV. Find the area 
of the third Bohr orbit to which this electron belong. Also report the atom. 
How many spectral lines are emitted by atomic hydrogen excited to the 
nth energy level? 

The hydrogen atom in the ground state is excited by mass of 
monochromatic radiations of wavelength А À. The resulting spectrum 
consists of maximum 15 different lines What is the value of A. 


Ки = 109737 cm! 


A single electron orbit around a stationary nucleus of charge +Ze, where 
Z is constant and e is the magnitude of the electronic charge. It requires 
47.2 сУ to excite the electron from the second Bohr orbit to the third 
Bohr orbit. Calculate: 

(а) The value of Z. 
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> Problem 27. 


» Problem 28. 


» Problem 29. 


» Problem 30. 


> Problem 31. 


» Problem 32. 


» Problem 33. 


» Problem 34. 


NUMERICAL Phiytucat Слим ту 


(by. Phe energy required to excite the electron from the tuid orbit to the 
fourth Bohr orbit. 

(c) The wavelength of the electromagnetic radiation required to remove 
the electron from the first Bohr orbit to infinity. 

(d) The kinetic energy, potential energy and angular momentum of 
electron in the first Bohr orbit. 


(e) The radius of the first Bohr orbit. 


(Given Е; y=-13.6eV, с-3х 1079 cm/sec; h=6.6 x 10-27 erg-sec, 


ғун = 0.539 А.) 
Determine de-Broglie wavelength of an electron having kinetic energy 
of 1.6 x 10° erg. (т. = 9.11 x 107? р, ћ=6.62 x 10777 erg-sec). 


Show that de-Broglie wavelength of electron accelerated through V volt 
is nearly given by: 


pe 
ele 
(indy V | 


Calculate the momentum of electron moving with l/3rd velocity of 
light. 

Calculate the accelerating potential that must be imparted to a proton 
beam to give it an effective wavelength of 0.005 nm. 

An electron in a hydrogen like atom, is in an excited state. It has a total 
energy. of —3.4 eV. Calculate: 

(a) The kinetic energy of electron. 

(b) The de Broglie wavelength of electron. 


(л = 6.6 x 10738, m, 5: 9.108 x 1073 kg) 


А green ball weighs 75 g and comes travelling towards you at 400 
cm/sec. A photon of light emitted from green ball has a wavelength of 


5 x 10? cm. Assuming that the error in the position of ball is the same 
as the wavelength of itself, calculate the error in momentum of the green 
ball. 

A stationary He* ion emitted a photon corresponding to the first line 
(Но) of the Lyman series. That photon liberated a photo-electron from 
a stationary H atom in ground state. What is the velocity of photo- 
electron? Ау = 109678 cm |, 


2.4 mole of H» sample was taken. In one experiment 6090 of the sample 


was exposed to continuous radiations of frequency 4.47 x 10/3 Hz, of 
which all the electrons are removed from the atom. In another experi- 
ment. remaining sample was irradiated with light of wavelength 600 À, 
when all the electrons are removed from the surface. Calculate the ratio 
of maximum velocity of the ejected electrons in the two cases. Also 
report the velocity of ejected electron in each case. Assume that ejected 
electrons do not interact with any photon. (lonization Potential of 
Н = 13.6 су). 
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»- Problem 35. 


»- Problem 36. 


» Problem 37. 


What is the maximum precision with which the momentum of an 
electron can be known if the uncertainty in the position of electron is 
+0.001 А? Will there be any problem in describing the momentum if it 


h е : j А ЭР: 
has а value of Lm where ag is Войг5 radius of first orbit, i.e., 
20 


0.529 А? 

The photo-electric emission requires a threshold frequency vy. For a 
certain metal А; = 2200 А and А» = 1900 А produce electrons with a 
maximum kinetic energy KE, and КЕ», if KE; = 2КЕ), calculate у) 
and corresponding А. 


Point out the angular momentum of an electron in, 
(а) 45 orbital (b) 3p orbital - (с) 4th orbit. 
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Answors 
1. (а) 21, (b) 18, (c) -«4о- , «D X, X', (e) МА B.M. 
2. 137х 10° photons ; 
3. 8.68% ; 4. 17402 À ; 
5. 0.527 ; 6. 2.625 x 10779 joule ; 4 
7. 417 х 107" electron/atom ; 8. 6565 А, 1.523 х 1073 times of Ан ; 
9. 1.635х 107"! erg, 129х 10771 ; 
10. (i) 303.89 A, (ii) 2.645 x 10? ст; 
11. A-1215 A, у= 2.469 x 10 Hz, E= 16.36х 109 J, Еј» = 147 x 10751 
12. I induced = 1028: А, II induced = 1216 A, III induced = 6568 A ; 
13. (a) 292.68 x 10?! atoms, 162.62 х 10?! atoms, (b) 832.50 kJ ; 
14. (a) X b) Z; 15. 397.2 nm ; 
16. 1-6, Z=3 ; 17. 1.095x10 m! ; 
18. See solution ; 19. 18х 1077 cm : 
20. 5th orbit ; 21. 2.067 х 1075 бес”! 
22. 443 х 10° msec! ; 23. 17.80x 10779 cm?, Не“ ; 
24. іп (1-1) : 25. 9373 А ; 
26. (a) 5, (b) 16.53eV, (c) 364 х 1077 cm, 
(d) РЕ. =- 668.75 eV, К.Е. = + 334.37 eV, h/2n 
(e) 1.078 x 10? cm ; 
27. 0.0087 А ; 28. See solution ; 
29. 969x 10778 рст ес”! ; 30. 32.85 Volt ; 
31. (a) 34еУ, (b) 6.618 х 10 m ; 32. 1.055 х 103 ; 
33. 3.09 x 108 ст sec! : 34. 0.83 ог 122: 
35. 5.27 х 107 Ns, 2x 10755 № ; 
36. vo = 1.1483 х 107 ес”, Ag = 2612.6 А; 
h 2h 
37. (a) O, (b) ря (с) сэв 
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6. 


10. 


Problems for Self Assessment 





A monoatomic ion has a charge of +2. The nucleus of the ion has a mass number 
of 62. The number of neutrons in the nucleus is 1.21 times that of the number of 
protons. How many electrons are in the ion? What is the name of the element? 
Infrared lamps are used in restaurants and cafeterias to keep food warm. The 
infrared radiation is strongly absorbed by water raising its temperature and that 
of the food in which it is incorporated. How many photons per second of infrared 
radiation are produced by an infrared lamp that consumes energy at the rate of 
100 watt (100 J 87) and is 12% efficient in converting this energy to infrared 
radiation? Assume that infrared radiation has a wavelength of 1500 nm. 

Which has a shorter wavelength : 10 eV photon or 10 eV electron. Also report their 
values. 

lf n; and n, are the quantum numbers for levels which are involved in spectral 
transition and л + я = 7 and по – n, = 1, find the wavelength of the first line of 
this series in hydrogen atcm. 

To which quantum level does the electron jump in H atom from the lowest level 
if it is given an energy corresponding to 99% of the ionisation potential? 

An electron in a hydrogen like species is in the excited state по. The wavelength 
for the transition n, to лу = 2 is 48.24 nm. The corresponding wavelength for the 
transition from ny to n, = 3 is 142.46 nm. Find the value of n, and Z and report 
the H like atom. 


Calculate the frequency, energy and wavelength of radiations corresponding to 
spectral line of lowest frequency in Lyman series in the spectra of H atom. Also 


calculate the energy of corresponding line in the spectra of L^ 
Ку = 1.09678 x 107 m^, с-3х 10 m sec™!, h = 6.625 x 1077" J sec. 


A hydrogen like atom (described by the Bohr's model) is observed to emit six 
wavelength, originating from all possible transitions between a group of levels. 
These levels have energies between -0.85-еУ and –0.544 eV (including both these 
values). 
(a) Find the atomic number of the atom. 
(b) Calculate the smallest wavelength emitted in these transitions. 

(use лс = 1240 eV-nm, Ён=- 13.6 eV ) 


А hydrogen like atom of atomic number Z is in an excited state of quantum number 
2n . It can emit a maximum energy photon of 204.eV. If it makes a transition to 
quantum state л, a photon of energy 40.8 eV is emitted. Find out n and Z and the 
ground state energy in eV for this atom. Also calculate the minimum energy in eV 
that can be emitted by this atom during deexcitation. Ground state energy of H 
atom is —13.6 eV. 


Hydrogen atom in its ground state is excited by means of monochromatic radiations 
of wavelength 975 А. How many different lines are possible in the resulting 
spectrum. Calculate the longest wavelength among them. ЕЁ =~13.6 eV 
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12. 


13. 


19. 


20. 


NUMERICAL PHYSICAL CHEMISTRY 


A doubly ionised lithium atom is hydrogen like with atomic number 3. 
(a) Find the wavelength of the radiation required to excite the electron in 


1425 from the first to the third Bohr orbit. 
(b) How many spectral lines are observed in the emission spectrum of above 
excited system. (Ён=- 13.6 eV) 


Electrons in hydrogen like atom (Z 3) make transition from the fifth to the fourth 
orbit and from the fourth to the third orbit. The resulting radiations are incident 
normally on a metal plate and ejects photo-electrons. The stopping potential for 
the photo-electrons ejected by the shorter wavelength is 3.95 V.Calculate the work 
function of the metal and stopping potential for the photo-electrons ejected by the 


longer wavelength. ( Ry = 1.094 x 107 тг!) 


A particle of charge equal to that of an electron and mass 208 times the mass of 

electron (i.e., mu-meson) moves in a circular orbit around а nucleus of charge 

+ 3e . (Take the mass of the nucleus to be infinite). Assuming that the Bohr model 

of the atom is applicable to this system. (Кн = 1.097 x 107 m^). 

(1) Derive an expression for the radius of Bohr orbit. 

(ii) Find the value of n for which the radius of the orbit is approximately the same 
as that of the first Bohr orbit for H-atom. 

(її) Find the wavelength of the radiation emitted when the mu-meson jumps from 
the third orbit to the first orbit. 

Compare the energy of n = 5 to n = 4 transition of an electron plus nucleus Z = 3 with 

the energy of n = 2 to n = 1 transition for an electron plus nucleus with Z = 2. 

Calculate the wavelength of СО, molecule moving with velocity of 440 m sec 1. 

A microscope using suitable photons is employed to locate an electron in an atom 

within a distance of 1 A. What is the uncertainty involved in the measurement of 

its velocity. 

When would the wavelength associated with an electron be equal to wavelength 

0-28 0724 р). 

When a beam of 10.6 eV photons of intensity 2.00 W/m? falls on a platinum surface 


of area 1.0 х 107 т? and work function 5.6 eV, 0.53% of the incident photons 
eject photo-electron. Find the number of photo-electrons emitted per second and 


of proton? (mass of electron 29.10 x 1 8: mass of proton = 1.6725 x 1 


their minimum energies (in eV). 1 eV =1.6х 107191, 


When light frequency, v is shone оп a metal surface with threshold frequency ур, 


photoelectrons are emitted with maximum kinetic energy = 1.3 x 10718 J. the 
ratio, у: vo = 3 : 1, calculate the threshold frequency vp. 


Write down the electronic configuration of following species and calculate total 
spin, magnetic moment and unpaired electrons in each (a) 44 Ки (b) 25Мп*. 
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Answers 
1. Ni, Ni?*,26 ; 2. 9.05 x 10! photon 87": 
3. 1,2 3.88 А, Aphoton = 1240 ; 4. 1875.6х 10? m ; 
5. 10; 6. плэ-5, Z=3, 17%; 
7. v 22.461 x 10 Hz, Ең = 16.36x 1077, 1212156 А, Ер“ = 14.7 х 10718] ; 
8. 1427, 4060 nm ; 9. n=2, 2-4, Е =-217.6е\ ; 


10. 6 lines (from 4th to 1), 18800 А ; 11. (a) 113.7 À, (b) 3: 
12. W=3.193x 107791, V,20756V ; 


9 h* x Ап зе 
13. (i) ғ-п: ЗЭ =n’ х 844 х 10 ^m 
47 т’ Ze 
(ii) п=25, (ii) 5.48 х 107! т 
14. Еј/Е) = 0.0675 ; 15. 2.06 x 107! metre ; 
16. 6.626 х 10722 ms"! ; 17. <= 1.8 х 103, ie., velocity ratio ; 


Ир 
18. п= 1.179 х 1014, minimum energy = 0, maximum energy = 5.0.eV ; 
19. 981x10 Hz ; 20. (а) +2, N24, 4, (b) 33, N48 , 6. 








9, 





. Bindmy energy/nucleon = 


. Па life (1/2) = 


6. 


Radioactivity 


Chapter at a Glance 


. Binding energy (B.E.) A Е = 931.478 x Ат’ MeV (A m' is mass decay) 


Total B.E. 
No. of nucleons 





. Rate of decay = К x No. of atoms at that time = K x N 


‘ 2.303 No 1 № 
. Decay constant (К) = т 10210 N or К = F loge N 
No к М _ KI 
ol у= ог NC e 


(Мо is no. of atoms at ¢=0, N is no. of atoms at t = г) 
0.693 





Average life (т) = = =прх 1.44 


№ 
. Amount left after 2 halves = m 
2 


қ № [2" = 1] 
Amount decayed after п halves = — —-—— 
2 
Different units of rate of decay: 
1 Curie = 3.7 x I0 dps 237 x 100 Ва. 2 377 x 10 та (SI unit is Ва. or dps) 
р Ч 
Radioactive equilibrium; 
Кл Ng _ (t172)8 Тв 
Кн Na (па ТА 


11. Parallel path decay : Kay, = Ki path + КП path 


xs 
12. Maximum yield of daughter element : £444 = ҮОҮ 213 
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The Basic Problems with Solutions 


» Problem 1. What is meant by nuclear binding energy? Calculate the binding energy 
per nucleon of Li isotope, which has the isotopic mass of 7.016 amu. 
The individual masses of neutron and proton are 1.008665 amu апа у 
1.007277 amu, respectively and the mass of electron = 0.000548 amu. 


> Problem 2. Тһе atomic mass of '5O is 15.995 amu while the individual masses of 
proton and neutron are 1.0073 amu and 1.0087 amu respectively. The 
mass of electron is 0.000548 amu. Calculate the binding energy of 
the oxygen nucleus. 


> Problem 3. The isotopic masses of 7H and “Не are 2.0141 and 4.0026 amu 
respectively and the velocity of light in vacuum is 2.998 x 10° m/s. 


Calculate the quantity of energy (in J) liberated when two mole of 11 | 


undergo fusion to form one mole of Не. 

> Problem 4. How many a- and f.-particles will be emitted when ah 2 changes 
into &›РЬ7°5? 

»- Problem 5. yr disintegrates to give в2РЬ209 as the final product. How many 
a and B-particles are emitted out during this process? + 

> Problem 6. Write the nuclear reactions for the following radioactive decay : 
(а) ә:0 Ls undergoes a-decay. (b) 91Ра23* undergoes В -decay. 
(c) ума = undergoes В '-Чесау. 

> Problem 7. Give one example each of (а) o-emission, (b) В -етіѕѕіоп, and 
(c) K-capture. Write the equation for these nuclear changes. 

» Problem 8. Complete the following nuclear reactions : 


(а) 5 Мо (.... п) Тс (Б)... (а, 2n) ШАТ 


(©) Мп (п, ү). (Cm + $C —9 .. + 4on 
(е) БА (алт). (D 520 (0.89... 
> Problem 9. Complete the equations for the following nuclear processes : 
(а) ЭС + dn —9 na + He 
«ч 
(b) 43U + in —9 ... + Хе + 24 
(с) ДАГ + *He —9 2. + an 


(d) .... (п, p) 336 


(e) Їр Pu (a, R)... 





| 
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» Problem 10 


> Problem 11. 


» Problem 12. 


» Problem 13. 


> Problem 14. 


»- Problem 15. 


» Problem 16. 


» Problem 17. 


» Problem 18. 


» Problem 19. 


» Problem 20 
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. Calculate the no. of a- and B-particles given out during the change : 


:209 


237 
а g;Bi 


93Np 
Also report the nature and name of this radioactive series. 


Calculate the mass of "La іп а sample whose activity is 3.7 x 1077 
Ва (1 Becquerel, Ва = 1 disintegration per second) given that its г, 
is 40 hour. 


The half life of 2484? is 20 year. If the sample of this nucleide has ап 
activity of 8,000 disintegrations min! today, what will be its activity 
after 80 year? 


А sample of wooden air craft is found to undergo 9 dpm g! of cl, 
What is approximate age of air craft? The half life of Хорь 18 5730 
year and rate of disintegration of wood recently cut down is 15 dpm 
-1 14 

в of C ? 

A piece of wood from an archeological source shows a ite activity 
which is 60% of the activity found in fresh wood today. Calculate the 
age of the archeological sample. (11, MC = 5770 year) 


The В -activity of a sample of СО, prepared from a contemporary 
wood gave a count rate of 25.5 counts per minute (c.p.m.). The same 
mass of CO, from an ancient wooden statue gave a count rate of 
20.5 cpm., in the same counter condition. Calculate its age to the 
nearest 50 year taking ¢,,. for МС as 5770 year. What would be the 
expected count rate of an identical mass of CO, from a sample which 
is 4000 year old? 


The radioactive isotope 3) Со which has now replaced radium in the 
treatment of cancer сап be made by a (n, p) or (n, y) reaction. For each 
reaction, indicate the appropriate target nucleus. If the half-life of 
5; Co is 7 year, evaluate the decay constant in 87. 


À piece of charcoal from the ruins of a settlement in Japan was found 
to have С'4/С!? ratio that was 0.617 times that found in living 
organisms. How old is this piece of charcoal? гу for С! is 5770 
year? 

The half of 023% decomposed to РЬ20 in 4.5 х 108 year. What will be 
the age of rock that contains equal weight of both? 


yl by successive radioactive decays changes to ЕН. А затрје 
of uranium ore was analysed and found to contain 1.0 g 0238 and 0.1 
g Pb Assuming that Pb has accumulated due to decay of uranium, 
find out the ape of ore. {ур for 1238 = 4,5 x 10? year. 


2 ‘The isotopic composition of rubidium is "Rb —72 per cent and °'ВЬ 
28 per cenl "ep is weakly radioactive and decay by (Y -emission 
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» Problem 21. 


> Problem 22. 


» Problem 23. 


> Problem 24. 


> Problem 25. 
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with a decay constant of 1.1 х 107" per year. А sample of the mineral 
pollucite was found to contain 450 mg Rb and 0.72 mg of 878г. 
Estimate the age of mineral pollution, stating any assumption made. 


A 0.2 mL sample of a solution containing 1.0 x 1077 curie of ІН: 18 
injected to the blood stream of an animal. After sufficient time for 
circulatory equilibrium to be established, 0.10 mL of blood is found 
to have an activity of 20 dpm. Calculate the volume of blood in animal, 
assuming no change in activity of sample during criculatory 
equilibrium. 

Calculate the density of the nucleus of 47Ag'®” assuming Fpucteus 15 
1.4 4? x 10713 cm. Where А is mass number of nucleus. Compare its 
density with density of metallic silver 10.5 g cm”. 


A sample of ЗЭ ! as iodide ion was adminstered to а patient in a 


carrier consisting of 0.10 mg of stable iodide ion. After 4 days 67.7% 
of initial radioactivity was detected in the thyroid gland of the patient. 
What mass of stable iodide ion had migrated to thyroid gland. 1), for 
iodide ion = 8 day. 

A solution of 1 litre has 0.6 g of non-radioactive Fe** with mass no. 


56. To this solution 0.209 g of radioactive Fe?* is added with mass 
no. 57 and the following reaction occured. 


STpe2* + S6 p 3* > 57 рез+ + 56ре2+ 
At the end ofone hour, it was found that 1075 moles of non-radioactive 
24. à Ё 221 = 
Ее? was obtained and the rate of reaction was 3.38 x 1077 mol Г! 


иг”, Neglecting any change in volume, calculate the activity of the 
sample at the end of 1 hr. гуу) for. 57Ее?+ = 4.62 hr. 


A radioactive element decays by B-emission. If mass of parent and 
daughter nucleide аге m, and m, respectively calculate energy liberated 
during the emission. 


"ы 
F 
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Answers 
1. 40.0 MeV, 5.71 MeV; 2. 0.137 amu, 12.32 x 1012 J mor’; 
3. 23x10" 7; 4. а=6, В=4; 
5. 7a, 6B ; 6. See solution; 
7. See solution; 
8. (а) 1Н, (D'SBi, © 25Мп, (Ф) iNo, (е) БР, (f'$Am. 
9. (а) Р, (Ы) Sr, (ОР, (Әсі, (е) вк. 
10. а=7,р=4; 1. 1.79 х 1075 р; 
12. 500 дрт ; 13. 4224.47 уг; 
14. 4253 yr; 15. 1817 уг, 15.77 срт; 
16. 3.14 x 10°? sec |; 17. 4021.29 уг, 
18. 4.99 x 108 yr; 19. 7.1.x 108 yr; 
20. 5.202х 10° уг; 21. 1109.8 mL; 
22. 138х103; 23. 95.8%; 
24. 2.85 x 1020 dph; 25. [ту -m -2m,]c’; 
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Solution 





Solution 1. The total energy given out as mass decay during binding up of nucleons 


in nucleus is known as binding energy. 
Mass of зш” isotope = 7.016 amu 
Mass of 3 protons in it = 3 x 1.007277 = 3.022 amu 
Mass of 4 neutrons in it = 4 x 1.008665 = 4.035 amu 
Mass of 3 electrons in it = 3 0.000548 = 0.002 amu 
Mass defect = [3.022 + 4.035 + 0.002] — 7.016 
— 0.043 amu 
AE = 931.478 x Am' MeV = 0.043 x 931.478 
— 40.0 MeV 
Binding energy per nucleon = (40/7) = 5.71 MeV 


Solution 2. Mass of 4079 = 15.995 amu 
Mass of 8 protons = 8 x 1.0073 = 8.0584 
Mass of 8 neutrons = 8 x 1.0087 = 8.0696 
Mass of 8 electrons = 8 x 0.000548 = 0.0044 
Mass defect = [8.0584 + 8.0696 + 0.0044] – 15.995 
= 0.137 ати 
AE = тс? 
AE = 0.137 х 1.66057 х 10727 x 6.02 х 1023 x (2.998 x 109? J 
= 12.32 x 10!" J mor! 


Solution 3. 27H 70 Не + Епегру 
Mass defect = 2 x 2.0141 — 4.0026 = 0.0256 amu 
АЕ = Ат х с? 
= 0.0256 х 1.66057 х 10727 х 6.02 х 1073 x (2.998 х 108) 
-23 x10" J 


Solution 4. Suppose ШШ uu СВБ ү тз Не + п Те 
Equating mass numbers, 232 = 208 + 4 т ог т=6 
Equating atomic numbers : 90 = 82 + 12 +(–п) ог п-4 
Thus, бо and 48” particles will be emitted. 


Solution 5. Given : sm ===> s Pb S + та Не +п (е < 
Where т ‘о’ particles and n “Б” particles are given out 
Equating mass number : 234 = 206 + 4m +0 
Y т=7 
Equating atomic number : 90 = 82 + 2m + n x (-1) 
n-6 C m7) 
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Solution 6. (a) 920238 — Th? + tHe 
(b) y Pa ——> 53023 4 
(c) 11Na? — (Ne? + ме 
` 235 231 4 әсе 
Solution 7. (a) gU --- “ooTh + „Не (a-emission) 
(b) а — > Ме + ше (B*-cmission) 
(с) 13 Ba + е —— Ч Св + X-ray (K-capture) 
Solution 8. (a) 7H, (b) 25Ві, (c) 55Мп, 
(4) 102 №, (е) 13Р, (0 Ат. 
Solution 9. (а) 2р, (b) %$г, (с) БР, 
(4) СТ, (е) 5; Bk. 
*olutlon 10. (8) o Np??? — ВЕ” + a,He* = ЖҮЗ 


Where а and b are æ- and р-рагїїсЇев given out during change. 
Гаџа пр mass number 
237 = 209 + 4a+0 xb 

a-7 

lquating atomic numbers, keeping a = 7 
93 = 83+2х7+0х (-1) 

р = 4 
Thus 7а- and 4)- are given out during the change also 237/4 = 59 with 
remainder 1 and thus it is (n + 1) series, the artificial radioactive series 
also called as naptunium series with n = 59. 


À x w x Av.No. 
Solution 11, Rate of decay = К. № = A XW Ду. №. 
140 
Let w is weight of а 9, then № = wx Ау, №, 
140 
0.693 w x 6.02 х 1023 
0__ 0.693 wx 6.02 x10” 
шин: 40х60х 60 > 140 
и = 1.79 x 10° g 
0.693 1 


Solution 12. Given, ғо = 8000 dpm, гур = 20 year ог К € уг” 
ro ос № 
ro М 
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7 _ No 
r N 
2 2.303 22 Dy 
K Өр 
80-- 2.303x 20 
0.693 


r= 500 dpm 


Now 


8000 


Solution 13. Given, rọ = 15 dpm, r ~ 9 dpm, 11; = 5730 yr 


Solution 14. 


Solution 15. 


Solution 16. 


_ 2303 ж 
CAE log r 
_ 2.303 x 5730 
~ 0693 


= 4224.47 уг 


1 


15 


9 





ro ёс № 


_ 2.303 х 5770 
— 0.693 
= 4253 уг. 


100 
5860 


r = 20.5 cpm., то = 25.5 cpm. 


ro < № and rc № 


2303 

к 68 
_ 2303 х 5770 
| 0693 

t = 4000 yr then 


2.303 х 5770 


0.693 
r — 15.77 cpm 


Also 


Also, if 


4000 - 


Oy х! 60 i 
Мі + оп —> 97Co + |Р 


21 l х 
27Co + оп —9 зу Со + у 


№ 2303 


1 


n log 


25.5 
08205 


r 


= 1817 year 


25.5 


r 





Thus, target nucleus is 52 Ni for (n, p) and 3; Co for (n, y) reaction. 


0693 _ 





К- 
1/2 


= 3.14 x 107 sec! 


0.693 x 
7x365x24 x 60 x 60 
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Solution 17. Given, пр =5770 yr. 





Solutlon 18. 


Solutlon 19. 





N 14 № 14 
С = 0,617 x, — 


211 


с? Мос? 
’ С!“ undergoes decay and С!“ does not ~. Noc!2 = Мос12 
Noo __ 1 
N см 0.617 
ХА 2.303 | № 
Ka DEN 
2303 x 5770 1 
= 00 
0.693 0.617 
= 4021.29 уг. 
(238 > Pb? 
No. огаот (1-0 № 
Мо. ofatom {= No-N N 
Wt. of metal [= w w СУ Wpp = Wy) 
Ny left == Npp formed =—— 
y ei = 238 рь гоппос да 
ү а ее." 
790 238 206 
2303 М 
Now ie logy, 
Ма А3 
.2303x45x10*.. 238 206 
0.693 Шан 
238 
= 4.99 x 10° уг 
Uns > Pb? 
Weight at / = 7 lg 0.16 
Моїса!/ =1 -L. LL 
: e 238 206 
ТМ нг ме 
02357238 206 АП 02387238 
2303, № 
que "UE. 
K N 
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1 0l 
_ 2303х45х10’, 238 20 
05031,-55- “Т 
238 
= 7.1 x 108 уг 
Solution 20. BSRb = 72% * 
=11х10-!! yr 
втв = 2866 ASE, 87 


Sample contains 450 mg 87Rb and 0.72 mg 875г 


72х85+28 х 87 

The average isotopic mass of Rb = "- 408 "9 
= 85.56 

Now 0.72 mg of Sr is formed from Rb, following В-етіѕѕіоп 

thus, mass of "Rb lost = 0.72 mg 

Thus, initially the pollucite mineral contains Rb = 450 mg + 0.72 mg 


= 450.72 mg 


28 
URb present of originally in it — 109." 450.72 


126.20 mg 

V'Rb present at time / = 126.20 –0.72 = 125.48 mg ту 
_ 2303 jog 12620 
= 11х10-" 9812548 





Thus, t = 5.202 x 108 yr. 


Solution 21. Let volume of blood be У mL. 


Thus total volume = V + 0.2 mL after injection of sample 
20 
0.1 mL sample has rate — 60 dps 


MC айыз на Бае е ЛА АШ) 
Л .2) mL sample has rate 60x 01 


Since rate is constant, thus 
20х(У +0.2) _ -1 lo 
и ^ 1.0 x 10 x 3.7 x 10" dps 
V= 1109.8 mL 


4 4 22 
Solution 22. Volume of Ag% nucleus = nr T [Ax (107)! x 10-13] 


= 1.23 x 10736 cm? 


m 
density of nucleus E 
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Solutlon 23. 


Solutlon 24. 


Solutlon 25. 





ее LL. 

~ 6.023% 1023 x 1.23 x 106 

= 1.445 х 1014 g/cm? 
density of nucleus 1.445 x 10!" 


| Е — = 1.38 x 10? 
Thys density of atom 10.5 rn 


0.693 
If = 4 days, K= c We then 


% 


2.303 
> log = 


K 
230358 m 
^ 069 9%, 
r= 0.707 то 
l'hus iodide ion left is 0.707 part of initially injected sample, however 
the rate decreases only 67.796 or 0.677 in 4 days, thus 
If 0.707 is left then iodide ion migrated to thyroid = 1 


1 x 0.677 














‘Thus 0.677 is left then iodide ion migrated to thyroid = 0707 ^ 0.958 
or 95.8% of the iodide ion is migrated to gland. 
57ре* + 36pg* 2000, Spg* + 56p2* 
| 0.209 06 
сїт 21-22 маг | 
Nelore reaction 57 56 0 0 
0209 51106 | _ | 
Aller reaction 57 -10 s| |22. 10 s] 107° 1077 
57 е?* left after reaction = 3.667 x 10? — 107° = 366.6 х 1077 mole 
ог No = 366.6 x 1077 х 6.023 x 10 = 2.208 х 10?! 
Als _ 2303 | No 
хо t= log N 


_ 2303x462 2.208x 107! 
оөз Ё м 
М= 1.9 x 10?! 


0.693 21 
15 ^19*10 


= 2.85 x 107° dph 





Rate of decay = K x N= 


The masses of parent and daughter elements nuclide are m, and т; 


respectively 
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Mass of parent element = m; + Zm, 
(where 2 is at. no. of parent element) 
Mass of daughter element — m, + (2 + т. 
(As at. no. of element increases by one due to B-emission) 
Mass decay = mass of parent atom — one В loss — [mass of 
daughter atom along with one electron] e 
=m; + Zm,- m- [m + (2+1) т.) 
n [л == 2т,| 5 
Energy liberated = [т — m, – 2m,] с 
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» Problem 1. 


> Problem 2. 


> Problem 3. 


> Problem 4. 


> Problem 5. 


> Problem 6. 


> Problem 7. 


> Problem 8. 


> Problem 9. 


» Problem 10. 


» Problem 11. 





Selected Problems with Solutions 


How much energy must a y-ray photon have to produce a proton and 
anti-proton cach having kinetic energy 10 MeV. тр = 1.007825 amu. 


Assume | amu = 931 MeV. 
The sun radiates energy at the rate of 4 х 1026 Joule sec"! . If the energy 
of fusion process 
41H —o $He + 2 fe 

is 27 MeV, calculate amount of hydrogen алав that would be consumed 
per day for the given process. 

Calculate the energy released in joules and MeV in the following nuclear 
reaction, 

ІН + ЇН —> 3He + Qn 

Assume that the masses of ?H, 3He and neutron (п) respectively are 
2.0141, 3.0160 and 1.0087 in amu. 
Consider an @-particle just in contact with a gue nucleus. Calculate 
the coulombic repulsion energy (i.e., the height of coulombic barrier 
between 0° and Q-particle) assuming that the distance between them 
is equal to the sum of their radii. 
Natural nitrogen atoms has found to exist in two isotopic forms, 
1М 14 with mass 14.0031 and м” with mass 15.0001 amu. Which isotope 
is more stable. Assume mass of n and p to be 1.00893 and 1.00757 amu. 
wae is a natural an @-emitter. After o-emission the residual nucleus 
culled UX, in turns emits a В -particle to produce another nucleus 
ИХ,. Find out the atomic and mass numbers of UX; and UX). Also if 
uranium belongs to III gp. to which group UX, and ОХ» belong. 
How much heat would be developed рег hour from 1 curie of 
СМ source if all the energy of beta decay were imprisoned? Atomic 
masses of C^ and N^ are 14.00324 and 14.00307 amu respectively. 
In а nuclear reactor 0° undergoes fission liberating 200 MeV of 
energy. The reactor has а 10% efficiency and produces 1000 MW power. 
|| the reactor is to function for 10 years, find the total mass of.uranium 
needed, 
о-рагісісв of 6 MeV. energy is scattered back from a silver foil. 
Calculate the maximum volume in which the entire positive charge of 
the atom is supposed to be concentrated? (Z for silver = 47). 
Тһе activity of a radioactive isotope falls to 12.5% іп 90 days. Compute 
the half life and decay constant of isotope. 
A mixture is to be analysed for penicillin. You add 10.0 mg of penicillin 


labeled with "C that has а specific activity of 0.785 р Ci mg. From 
this mixture you arc able to isolate only 0.42 mg of pure penicillin. The 


216 


> Problem 12. 


> Problem 13. 


» Problem 14. 


» Problem 15. 


> Problem 16. 


> Problem 17. 


» Problem 18. 


» Problem 19. 


»- Problem 20. 


» Problem 21. 
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specific activity of the isolated penicillin is 0.102 И Ci mg *. How much 
penicillin was in the original mixture? 

An archaeological specimen containing je gives 40 counts in 5 minutes 
per gram of carbon. À specimen of freshly cut wood gives 20.3 counts 
per gram of carbon per minute. The counter used recorded a back ground 
count of 5 counts per minute in absence of any ""C-containing sample. 
What is the age of the specimen? [759 of Mc = 5668 year]. 

Upon irradiating californium with neutrons, a scientist discovered a new 
nuclide having mass number of 250 and a half-life of 0.50 hr. Three 
hours after the irradiation, the observed radioactivity due to the nuclide 
was 10 dis/rnin. How many atoms of the nuclide were prepared initially? 


Equal masses of two samples of charcoal A and B are burnt separately 
and the resulting carbon dioxide is collected in two vessels. The 


radioactivity of МС is measured for both the gas samples. The gas from 
the charcoal А gives 2100 counts per week and the gas from the charcoal 
B gives 1400 counts per week. Find the age difference between the two 
samples? Half-life '^C = 5730 yr. 

One g of jg Au? (tj; = 65 hr} decays by B-emission to produce stable 
Hg. 

9) Write nuclear reaction for process. 

(b) How much Hg will be present after 260 hr. 

1g Ва226 is placed in an evacuated tube whose volume is 5 cc. Assuming 
that each Ra nucleus yields for He atoms which are retained in the tube, 
what will be the pressure of He produced at 27°C after the end of 
1590 year? 11, for Ra 15 1590 year. 

The activity of the hair of an egyptian mummy is 7 disintegration 
minute! of СМ. Find the age of mummy. Given д) 5 of C^ is 5770 year 
and disintegration rate of fresh sample of СМ is 14 disintegration 
minute ! 


The decay constant for an a-decay of Th??? is 1.58 x 107! secl. 
Find out the no. of o-decays that occur from 1 g sample in 365 days. 
1 g atom of Ва is placed in an evacuated tube of volume 5 litre. 
Assuming that each Ка“ nucleus is an a-emitter and all the contents 
are present in tube, calculate the total pressure of gases and partial 
pressure of He collected in tube at 27°C after the end of 800 year. г, 
of Ra is 1600 year. Neglect volume occupied by undecayed Ra. 

A sample of Мсо, was mixed with ordinary HO, for studying a 
biological tracer experiment. The 10 mL of this mixture at STP possess 
the rate of 10^ disintegration per minute. How many milli-curie of 
radioactive carbon is nceded 10 prepare 60 litre of such a mixture? 

A solution contains | milli-curie of L-phenyl alanine el^ (uniformly 
labelled) in 2.0 mL solution. The activity of labelled sample is given as 
150 milli curic/milli-mole. Calculate: 
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Problem 22. 


Problem 23. 


Problem 24. 


ос 25. 


Problem 26. 


Problem 27. 


Problem 28. 


Problem 29. 


Problem 30. 


(a) The concentration of sample in the solution in mole/litre. 

(b) The activity of the solution in terms of counting per minute/mL at 
a counting efficiency of 80%. 

A sample of pitch blende is found to contain 50% uranium and 

2.425% lead. Of this lead only 93% was рь206 isotope. If the disintegra- 


tion constant is 1.52 x 10719 yr |, how old could be the pitch blende 
deposits? 
The half life of °P is 143 day. Calculate the specific activity 


of a phosphorus containing specimen having 1.0 part per million 32р 
(Atomic weight of P = 31). 

A mixture of Pu?" and Pu! ^? has а specific activity of 6 x 10? dps per 
p samplo. The hall lives of the isotopes are 2.44 x 10* year and 
(Sh x 10! ycurs respectively. Calculate the composition of mixture. 


54.5 mg of Na,PO, contains P? (15.6% of sample) and P?! atoms. 


Assuming only P? atoms radioactive, calculate the rate of decay for the 
given sample of МаҙРОд. The half life period for p? 


wt. of Na3PO4 = 161.2. 


Ге isotopic composition of rubidium is Rb, 72% and Rb, 28%. "Rb 
is wcakly radioactive and decays by -emission with a decay constant 
of 1.1 x 107" per year. A sample of the mineral pollucite was found to 
contain 450 mg Rb and 0.72 mg of 8767. Estimate the age of pollucite? 


А sumple contains two radioactive nuclei x and y with half-lives 2 hour 
and | hour respectively. The nucleus x-decays to y and y-decays into a 
ми е nucleus z. At г=0 the activities of the components in the same 
were equal. Find the ratio of the number of the active nuclei of y at 
174 hons to the number at f =0. 


= 14.3 days; mol. 


‘Tritium, Ч (an isotope of H) combine with fluorine to form a weak 
acid TF which ionises to give T". Tritium is radioactive and is a 
В-спицег, А freshly prepared dilute aqueous solution of TF has а рт 
(equivalent of pH) of 1.7 and freezes at — 0.372?C. If 600 mL of freshly 
prepared solution were allowed to stand for 24.8 years, calculate: 
(1) lonisition constant of TF. 
(1). Clinge carried by B-particles emitted by tritium in Faraday. 

Given : Кг for H20 = 1.86, t172 (T) = 12.4 yrs. 


A solution comans a mixture of isotopes of x^ (tin = 14 days) and 
V7 ar 2% days). Total activity is 1 curie at f= 0. The activity reduces 
by 5096 in 20 days. Find: 

(а) The initial activities of X! and X42, 

tb) Пе muo of their initial no. of nuclei. 

He сай lives ol a radioactive substance аге 1620 year and 405 year 
lov a emiston and [emission respectively. Find out the time during 
which thee Їений of a sample will decay if it is decaying both by 
ceomission and [emission simultaneously. 
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> Problem 31. For the following sequential reaction, А ОРОЙ B телі. > С, find ош 
the concentration of C at time 1-1 day, given the 
Ку=1.8 х 1077 57! and K,=1.1x 107787! and initial molar concentra 
tion of A is 1.8. 

> Problem 32. А radioactive isotope decays as ,A"——> , ,5" ^ — 5, С" The 
half lives of A and B are 6 months and 10 months respectively. 
Assuming that initially only A was present, will it be possible to achieve *' 
radioactive equilibrium for B. If so what would be the ratios of A and 
B at equilibrium. What would happen if the half lives A and B were 10 
months and 6 months respectively. 

> Problem 33. A radioactive isotope decays as 7A” —— 2258” — 7,10". 
Тће half lives of A and B are 6 months and 10 months respectively. 
Assuming that initially only А was present, will it be possible to achieve 
radioactive equilibrium for B. If so, what would be the ratio of nuclei of 
A and B at equilibrium. What would happen if the half lives of 
A and B were 10 month and 6 month. 

> Problem 34. The half life of РЬ212 is 10.6 hour. It undergoes decay to its daughter 
(unstable) element Ві2!2 of half life 60.5 minute. Calculate the time at 
which daughter element will have maximum activity? 

» Problem 35. A very small amount of radioactive isotope of Pb" was mixed with a 
non-radioactive lead salt containing 0.01 g of Pb (atomic mass 207). The 
whole lead was brought into solution and lead chromate was 


precipitated by addition of a soluble chromate. Evaporation of 10 cm? 
4 ! -— | 
of the supernatent liquid gave a residue having a radioactivity ===> of 


that of the original quantity of РЬ?!3. Calculate the solubility of lead 
chromate in mol ат“. 

> Problem 36. The nuclei of two radiotactive isotopes of same substance and 
В?“ аге present in the ratio of 4 : 1 in an ore obtained from some other 
planet. Their half lives are 30 and 60 minutes respactively. Both isotopes 
are alpha emitters and activity of isotope A" is 1 rutherford (109 dps). 
Calculate : 
(a) after how much time their activities will become identical 
(b) the time required to bring the ratio of their atoms to 1: 1. 


5 
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Answers 
1. 1886.57 MeV ; 2. 53.16х108 g ; 
3. 5223 х 10771, 3.260 MeV ; 4. 26.14 MeV ; 
5. 7.7149 MeV, NP ; 6. 90, 234, 91, 234, Ill gp. ; 
7. 3371: 8. 3.8451 х 107 kg ; 
9. 48x 10752 m? : 10. 30 day ; 
11, 66.96 mg ; 12. 13327.8 year ; 
13. 2.766 x 105 atoms; 14. 3353.16 year ; 
16. (и) See solution, (b). 15/16 g Hg ; 16. 43.54 ат ; 
17, 3710 year о 18. 1.298 x 10! о-ают ; 
19, ! ММ/ ани, 11:43 atm ; 20. 0.027 та ; 
20. (и) Эх 102 M, (b) 88.8 x 10! cpm/mL с 
22. ax 10" усаг ; 23. 0.295 Ci рег? ; 
14, 18,9570, 61.05% ; 25. 1.78 х 1088 dps ; 
је, SIR x LO’ усаг; 27. 0.25 ; 
28.11) 25x 40 A (1) 0.054 Faraday ; 
29, (и) 0,3609 Сі, 0.6331 Сі, (b) 0.3245 ; 
М, 119,24 year; 31. 142M ; 
42. 0.0, 100; 33. 0.6, Ко ; 
ы. ӘЛІ пише; 35. 2.0х 107 mol дт 3; 
бө. ca) 180 пи, (b) 120 mm. 
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I1. 


‚ The absolute abundance ratio of М! УМ 
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Problems for Self Assessment 


Calculate the threshold wavelength for proton anti-proton production. The rest mass 
of a proton or anti-proton is 1.007825 amu. 1 amu = 931 MeV. 


In a nuclear transition, 
509 —À 809 + АЕ 
(Excited state) (Ground state) 

with what mass per mol the two nuclei differ? Given that AE — 1.06 x 108 kcal 
тог". 

Calculate the amount of MU * which must go nuclear fission to produce the same 
amount of energy as produced by 1 ton of coal. The heat of combustion of coal is 
8x 10? cal/g. The fission of melee 2 produces 200 MeV energy per fission. (use 


1 cal = 4.2 J; 1 ton = 10° р; Ау. по. = 6.023 x 1023 and 1.602 x 10? 1-1 eV) 
A reactor is developing energy at the rate of 32 x 10° watts. How many atoms of 


17558 undergo fussion per second? Assume that оп an average energy of 200 MeV 
is released per fusion. 


Calculate the density of nucleus of gg? and compare it with the density of 
metallic silver (10.5 g/cm?). USE "'aucleus = 1-33 А За 105%. 
It is proposed to use the nuclear fusion reaction in a nuclear reactor of 200 MW 


rating. If the energy from the above reaction is used with 25% efficiency in the 
reactor, how many gram of deuterium fuel will be needed per day. (The masses of 


2н and jHe are 2.0141 amu and 4.0026 amu respectively. 

TH + {H ——> He 
Calculate the number of alpha-particles emitted per second by 1 g of pure thorium 
dioxide (4/2 Th??? = 1.39 x 1019 year). Assume 1 Th??? atom decays to give one 
alpha particle. 


15 in atmospheric nitrogen was found to be 


272. Calculate at. wt. of atmospheric nitrogen. 

One microgram of Ма”, is injected into the blood of a patient. How long will it 
take the radioactivity to fall to 10% of its initial value. (г гз for Ма” is 14.8 hour). 
Prior to the use of nuclear weapons, the specific activity of С!“ іп soluble ocean 
carbonates was found to be 16 dis/min/g carbon. The amount of carbon in these 
carbonates has been estimated as 4.5 х 1019 kg. How many MCi of СМ did the. 
ocean carbonates contain (1 Ci = 3.7 x 107 dps). 


Benis and Collegnes at OaK Ridge national laboratory confirmed the identification of 
an element по. 104, a man made atom with half life of only 4.5 sec. Only 3000 atoms 
of element were created in a test. How many atoms were left in 4.5 sec, 9.0 sec and 
13.5 sec? 
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12. 


13. 


14. 


16. 


I8. 


19. 


20. 


21. 


A certain radioactive isotope 23 (11/2 = 10 day) decays to give 7_ ж -511 g 
atom of >К! is kept in a sealed vessel, how much of He will accumulate in 20 day 
at STP? 


At a given instant these are 25% undecayed radioactive nuclei in a sample. After 

10 second, the number of undecayed nuclei reduces to 12.5% calculate: 

(a) Mean life of nuclei. 

(b) Thetime in which the number of undecayed nuclei will further reduce to 6.25% 
of the reduced number. 


icc by successive radioactive decays changes to РЬ. А sample of uranium 
ore was analysed and found to contain 1.0 g 17238 and 0.1 g pp, Assuming that 
рь206 has accumulated due to decay of uranium, find out the age of ore. t) for 
0238 = 4,5 х 10° усаг. 


In an ore containing uranium the ratio of U nuclei in 3. Calculate the 
age of ore, assuming that all the lead present in the ore is the final stable product 


of 0238. t,» for 0238 = 4.5 x 10° year 
1/2 


In a sample of pitch blende, the atomic ratio of Pb” : U^? is 0.23 : 1. Calculate 


238 to рь206 


the age of mineral if half life of uranium is 4.5 х 10? year. All lead originated from 
uranium. 

A sample of radioactive substance shows an intensity of 2.3 milli-curie at a time 
t and an intensity of 1.62 milli-curie after 600 second. What is the half life period 
of radioactive material. 

What is the closest distance of approach of an a-particle of energy 6 MeV to a 
коні nucleus (Z = 79). 

Ап ancient wooden slatuc weighing 40 kg is found to have p activity of 40800 
dpm, И 153 dpm рег g is the activity of contemporary МС, calculate the time 
clapsed since the wood was cut. The half life of С! is 5600 years. 

A drug is known to be ineffective after it has decomposed 30%. The original 
concentration of one sample was 500 units/mL. When analysed 20 months later, 
the concentration was found to be 420 units/mL. Assuming that decomposition is 
of 1 order, what will be the expiration time of the drug. What is the half life of 
drug. 


Тһе ratio of two nuclei of radioactive isotopes of 4239 and 4“ was found to be 


4:1 in an ore obtained from a planet. Their half lives аге 30 and 60 minutes 
respectively. Both isotopes are a-emitter and activity of 425° is 1 rutherford. 
Calculate : 

(а) the time in which their activity becomes identical. 

(b) the time required to bring the ratio of their atoms 1 : 1. 
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Answers 
1. 662x10 $À ; 2. 5x10? g ; 
3. 041458: 4. 10'8аютз ; 
5. 1.68 х 10* g/cm? , 1.6 x 1013 times of metallic Ар; 
6. 121.28 g/day ; 7. 3.6024 x 10757, 
8. 14.003 ; 22 9. 2.05 days ; 
10. 324 MCi ; 11. 1500, 750, 375 atom ; 
12. 33.6 litre ; 13. (a) 1443s, (b) 405 ; 
14. 7.1 x 10? year ; 15. 1.8684 x 10? year ; 
16. 1.35 x 10? year ; 17. 1186 sec ; 
18. 37.9 Fermi ; 19. 3.27 x 10? year ; 
20 


. 40.91 min., [1/2 = 79.48 min. 21. (a)180 minute, (b) 120 minute. 





Oxidation-reduction / . 
Chapter at a Glance 


Oxidation-reducation 
1. Oxidation is process which liberates electrons, i.e., de-electronation. 


М--эМ" + ne 
A” —23 A * ne 
п> т М — М" + (пр — пује 
ny > по А" —› A™ + (ny — поје 
2. Reduction is a process which gains electrons, i.e., electronation. 
М" +пе——М 


A+ne—>A”™ 
М"? + (по – ne — M"* 
A" + (пу ~ ne — А" 
3. Oxidants are substances which: 
(a) oxidize other. 
(b) are reduced themselves. 
(c) show electronation. 
(d) show-a decrease in oxidation no. during a redox change. 
(e) has higher oxidation no. in a conjugate pair of redox. 
4. Reductants are substances which: 
(a) reduce other. 
(b) are oxidized themselves. 
(c) show de-electronation. 
(d) show an increase in oxidation no. during a redox change. 
(e) has lower oxidation no. in a conjugate pair of redox. 
5. . A redox change is one in which a reductant is oxidized to liberate electrons, which 
are then used dp by an oxidant to get itself reduced. 


Му — Mj" «ne Oxidation 
Му + ne — М Reduction 
М, + Mj — MT + М Redox reaction 


6. A redox change occurs simultaneously. 
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> Problem 1. 


> Problem 2. 


> Problem 3. 


» Problem 4. 


» Problem 5. 


Өр Problem 6. 


The Basic Problems with Solutions 





Determine the ox. no. of underlined atom in each of the following : 


(а) KCrO,Cl, (b) K;FeO,, (c) Ва(Н;РО;); 
(d) Rb9Na[HV,9O;s]; (е) Ba?;XeOg (f) Na2S, 

(g) К,МпО, (h) K,Cr,0, (i) MnO,” 

0) 8027 (к) PO, (со 

(т) Cu(NH3)" (п) Ni(CO), (0) CS, 

(р) (МН,),Мо7Оэд (4) |СоЁ,Г (г) О50, 

(х) Ма, Ҳе, (t) КСтО;СІ (и) Е.Н, 


Find the oxidation number of carbon in the following compounds : 
СИОН, СН;О, HCOOH, CH). 


Point out the oxidation number of C in the following : 
СН,, C3Hg, C2H6, САН |0, СО, CO, and НСО; , со“ 


Arrange the following in order of : 

(a) Increasing oxidation no. of Mn: MnCl,, МпО,, Mn(OH),, КМпО, 

(b) Decreasing oxidation no. X: НХО,, НХО,, НХО,, HXO 

(c) Increasing oxidation no. I: L, HI, HIO,, ICI, IF}, ЇЕ, 

(d) Increasing oxidation по. of М: №, МНз, МҰН, МН,МН,, МН,ОН, 
КМО,, КМО,, М,О 

Select the nature or type of redox change in the following reactions : 


(4) 2Си* —— Си?* + Сид 
(b) Cl —> сто" + сг 
(©) 2KCIO,; —— 2KCI + 30, 


(d) (МН4)Сг;Оҙ -->» М, + Сг;О; лг 4Н,О 


(e) 10FeSO, + 2KMnO, + 8Н,50, ——> 2MnSO, + 5Fe,(SO,); + 
К,50, + 8Н,О 

(f) 5Н,С,О, + 2KMnO, + 3H,SO, — > K,SO, + 2MnSO, + 
10СО, + 8Н;О 


Identify the oxidised and reduced species т the following reactions : 
(a) СН, + 4С = СС) + 4НС%) 


cxt 2 
(b) МпО;%) + СО ва) — Mn (ад? + 2СО,%) ын 2H50g 
2- 2- 
(с) bag) + 25203 (ад) — iag) + 840, 
(d) Cb + 2ВГ (ад) == 2CT (ад) F Bro.) 
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» Problem 7. 


> Problem 8. 


> Problem 9. 


> Problem 10. 
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Identify the substance acting as oxidant or reductant if any in the 
following : 


(i) AICI, + 3K —o Al+3KCI 

(ii) 50; + 265 — 35 + HO 

(іі) ВаСІ; + NajSO, ——> BaSO, + 2NaCI 

(iv) 31, + 6маон ——> NalO, + 5Nal + ЗН;0 

Write the half reactions for the following redox reactions : 
(1) 256 шу ыу” 2БЕ ыу ды) 

(b) 24) + 2Н* ад — 20” аа) + Hg 

(c) Al) + ЗАВ ду» АГ да) + ЗАВ) 


How many mole of electrons are involved т balancing the following 
equations : 


(a) HjS + NO7 — S + NO 
(b) Мп(ОН), + H,O, ——> MnO, + 24,0 

(c) C07 + Fe?* + C,0,2> — Cr+ Fe** + CO, (acid medium) 
(d) Вг, + OH —> BrO; + Br 


How many mole of Ее50,, Н,С,О, and ҒеС;О, аге oxidised 
separately by one mole of KMnO, in acid medium. 
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Answers 





1. (8)*6, (Б) +6, (с) + 1, (d) +5, (е) +8, (0-1, (в) * 6, (h) +6, ( +7, 
0) + 6, (К) +5, (I) * 4, (m) +2, (n) 0, (о) +4, (р) +6, (q) +3, (г) +8, (s) +8, 
(t) +6, (и) -1 

2. CHj0H:-2, CH;0:0, HCOOH : 42, ОН: -1 ; 


3. СН,:-4; CH, :-5: С,Н,:-3, С.Ну : - (10/4); СО:+2; 


СО; : 14; HCO: + 4; 


4. Soo solution; 5. See solution; 
6. Reduced Oxidised 
(a) Cl, CH, 
(b) MnO, C2H204(aq у 
(c) L 50, 
(4) Cl, Br 
7. See solution; 8. See solution. 


5» 5 


9. (a)6N, (5) 2М, (c)3N, (d) 10N; 10. 5, 2 3 
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Solution 


Solution 1. (a) Let ox. no. of Cr be ‘a’, then 
1+а+3х (-2) + 1х (--1) =0 


ги а =+6 
(9) 2х 1+а+4х (-2) =0 
^ a =+6 
(c) 2«[2x1*a*2x(2] =0 
ё а-ы 
(4)4х 1+1+ + 10 ха+ 28х (-2)] = 0 
Y^ а =+5 
(е) 2x2*a*6x(-2) =0 
3 а =+8 
(f) 1х2%2ха-0 
5% a =-] 
(2) 2х1+а +4х (2) =0 
кә а=+6 
(h) 2х1+2ха+7х (-2) =0 
à а=+6 
0 т эт 
3 a=+7 
Q a*4x(-2) =-2 
as a=+6 
(k) a+4x(-2) --3 
2 а= +5 
(1) at3x(-2) =-2 
St а =+4 
(1) ач4х0--2 
" а=+2 
(n) а+4х0=0 
E а =0 
(0) а+2 х (-2) =0 
js а =+4 
(р) 1х6+7 ха + 24 х (2) =0 
Ae а =+6 
(4) а+4х (-1) 7-1 
5 a=+3 
(r) а+4х (-2) =0 


а =+8 
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(s) 4х 1 +а+6 х (-2) =0 

та а = +8 

(t) 1+а+ 3х (--2) + 1х (-1) =0 

ын а =+6 

(и) 2ха+2х(1)=0 

т ee а == 
Solution 2. Let ће oxidation number of carbon be а 

СНҘОН: а+3х1+[х (2) +1х1 =0 

2% а =-2 

CH,0: а+2х1+1х (2) =0 

а = 0 

HCOOH: 1+а+2 х (-2) +1 =0 

а = +2 

С,Н,: 2ха-2х| -0 

х а == 





8 10 
Solution 3. СН,:-4, C4Hg “3 ОН, :- 3; САН: -а: 


CO:*2; CO,:+4; | HCO,:*t4  CO,*: 


s Solution 4. (а) MnCl, < Mn(OH); < MnO, < KMnO, 
ox. по. ofMn +2 +3 +4 +7 

(b) НХО, > HXO, > HXO, > НХО 
ох. по, ОЁХ +7 +5 +3 + 1 
(е) HI < 1, < ІСІ < IF, < ІР; < НО, 
ох. no. of I -1 0 +1 +3 +5 +7 
(а) NH; «М,Н, < МЊОН <N3H < М, <№0 < KNO, < КМО, 
ох. по. of N —3 -2 -1 -13 0 +1 +3 +5 


Solution 5. (i) (a) and (b) represents auto-redox or disproportionation in which 
same substance is oxidised and reduced as well. 
(ii) (c) and (d) represents intramolecular redox change in which one 
element of a compound is oxidised and the other element is reduced. 
(iii) (e) and (f) represents intermolecular redox in which one of the two 
reactant is oxidised and other is reduced. 





® Solution 6. Reduced Oxidised 
об Cl, CH4 
(b) MnO, С.Н,Оцдаоу 
(с) , 5,047 


(d) сі, Br 
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Solution 7. 


Solution 8. 


Solution 9. 


Solution 10. 
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In a conjugate pair, oxidant has higher ox. no. 
(i) For AICI, : AP" + Зе — АЮ; For K:K® —> K'* «e 


5 oxidant AICI, and reductant K. 
(ii) ForSO,: S‘*+4e — 50, For H,Ss: S^ ——> S" + 2e 
2 oxidant SO, and reductant Н,5. 


(iii) No change in ox. no. of either of the conjugate pair. 
None is oxidant or reductant. 


(iv) Forh. 0 ——— 210" +10e and 1,0 + 2е —> 21^ 
1, acts as oxidant and reductant both. 


(a) Fe +е— Ее?*. 


Г — ОР + е 
(9) Zn —> Zn” + 2е; 
H' + e —> ИН, 
(с) А! — АЁ? + Зе 
Ag’ + e > Ag 
a Б «45° +де 
9) M43 No | electron 
е—> 
2+ ) 4+ 
(b) Ма ac Хо |ж electron 
(c) Cr + Зе — 2277" | 
з, : ЗМ elect 
Бейес —=>ре“ +207 #88 T E 
(d) Br; +2е —>2Br | 
Br 2Вг5* + 10е ION electron 


FeSO, P 
Fe?* —— Fe** +e 
Mn^* + 5e — Mn** 
Thus — SFe?* + Мп” — Fe” + Mn”* 
or 5 mole of FeSO, are oxidised by 1 mole KMnO, 
Н,С,О, : 
с 3" — >20" + 2e 
Мп?" + 5e ——> Mn” 
50,3" + 2Mn’* —> 10C** + 2Mn?* 
or 5/2 mole ОГН,С,О, are oxidised by 1 mole КМпО, 
ЕеС,О, : 
Fe?* + СЭ” — Fe* + 20" + Зе 


5FeC,0, + 3Mn?* —> sFe?* + 10C** + 3Мп?* 
or 5/3 mole of l'eC,O, are oxidised by | mole КМпО, 
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> Problem I. 


Selected Problems with solutions 
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Determine the oxidation no. of following elements given in bold letters: 


(a) KMnO; ; (b) 
(d) МНМО} ; (e) 
(g) HCN ; (b) 
(0 KO; ; (k) 
(m) МН; (п) 
(p) МН:-МН2 ; (q) 
(г) МОСТ; (s) 


(и) [Fe(NO)(H30)81S0, ; 


(м) Dimethyl sulphoxide or (CH3)2SO ; 


(у) CrOs or CrO(O2)2 ; 


H2805 , (с) H S208 ; 
K4Fe(CN)g ; (f) 050, ; 

HNC ; (i) HNO; ; 

Fe30, ; (D Кі; 

Fe(CO)s ; (о) Ееб.940 ; 
ЕеЗОд'(МН4)25О4-6Н2О $ 

NOCIO, ; (t) Na;[Fe(CN)5NO] ; 


(у) Маҙ8406; 
(х) Ма2$2Оз ; 
(2) Саосђ. 


ж Problem 2. Determine the oxidation number of following elements given in bold 
letters. 

(i) CuH ; 

(iv) Ba?XeOg ; 
(vii) Са(СЮ>)2 ; 
ах) LiAIH, ; 


(1) Na28306 ; (11) N20 ; 

(у) СзО ; (vi) V(BrO2)2 ; 

(viii) Cs4Na(HV9O»g) ; 

(х) КІСо(С:04): (NH3)?] ; 

(xi) IN(CN)47 ; — (xii) Ма; : (xiii) Fe(CO)s ; 

(xiv) ТОСМГ ; (xv) S07 ; (xvi) 8027 

Predict the highest and lowest possible oxidation state of each of the 
following elements: 

(а) Та: (6) Te; (c) Te; (d) Ті; (е) ТІ; (f) N;(g P; (hb F: 
и CL; () Zn; (0 С. 

Select the type of redox reaction from the following on the basis of type 
of redox changes (a) intermolecular redox ; (b) intramolecular redox ; 
(c) auto redox. If none, write none. 

NaOH 


> Problem 3. 


> Problem 4. 





(i) С,НуСНО — СоН5СН2ОН + С,Н,СООМа 
(ii) CrO7 + 20H: ———> 2CrO4 + НО 

(iii) 2Mn207 ——— 4МпО) + 305 

(iv) NO3 + 5 + H20 +Н* —— МН + HSO, 


(v) Fe + N2H4 ———> МН; + Fe(OH)2 
(vi) 2KOH + Br; —> KBr + KBrO 
(vil) 2Си* ———›Си+Си^* 
e p 2H' " ^ 
(viii) Ag(NH3)2 ——— Ag’ + 2NH4 
(1х) 5KI + KIO, + 6HCI —— 315 + 6KCI + ЗНО 
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» Problem 5. 


» Problem 6. 


> Problem 7. 


»- Problem 8. 


» Problem 9. 


» Problem 10. 


» Problem 11. 


» Problem 12. 


> Problem 13. 
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Select the oxidant/reductant atoms in the following change. Also report 
the number of electrons involved in redox change. 
As283 + HNO3 —> H3AsO4 + H2504 + NO 
In the reaction Al + Fe304 — Al504 + Fe 
(a) Which element is oxidized and which is reduced? 


(b) Total no. of electrons transferred during the change. ДЉ 
Identify the substance acting as oxidant or reductant if any in the 
following: 

(i) АС + ЗК — AI + 3KCI 

(ii) SO» + 295 — 35 + H20 
(iii) BaCl + Na?SO4 —— BaSO, + 2МаСІ 
(iv) 315 + 6NaOH —— NalO; + 5Nal + ЗНО 


Find out the value of л in 
MnO, + 8H* + ne —> Mn” + 4Н>О 
Both VO% and УОТ" are known as vanadyl ion. 
(a) Determine the oxidation number of vanadium in each. 
(b) Which one of them is oxovanadium(iv) ion and which are is 
dioxovanadium(v) ion. 
One mole of N2H4 loses 10 mole electrons to form a new compound 
Y. Assuming that all the Мә appears in new compound, what is oxidation 
state of IN in Y? There is no change in oxidation state of H. 
HNO; acts only as oxidant whereas, ИМО» acts as reductant and oxidant 
both. 


- Balance the following equations: 


(a) BaCrO, + KI + НСІ —— Васі + b + KCI + CrCl; + H20 
(b) SO; Ял Na3CrO4 ar H2504 —> Ма25Од аР Сг(504)з яр H20 
(c) СНОН + h + OH —э CHE + НСО» + H2O + Г (Basic) 


(d) А$253 ar HNO4 === НзА$Од ын Њ504 + МО 

@ alat се -НС,О?--»СОГ-СГ (Acid) 
(f) 'HgS + НСІ + HNO; —> H?HgCl4 + NO + S + H20 

(g) Mn207 —> MnO; + О; 


KMnO, oxidises NO» to NO; in basic medium. How many moles of 
МО: are oxidised by | mole of KMnO,. 
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Answers 





(а) +7, (b) +6, (c) +6, (d) -3, +5, (е) +2, (f) 48, (g) +2, -3, (В) +2 


4 : ! 8 d 2 2nn 
(1) +5, Q) т (К) ty -0) TR (m) “т (п) 0, (о) з (р) -2, 


мл 
ээ 





(4) +2, (г) +3, ($) 47, (0 42, (и) 44, (v) +2, (w) 0, (x) +2, 
(у) ж, (z) -l, +1; 


. (i) =t, (i) 4109, (іш) +1, (iv) 48, (v) + 4/3, (уі) +2, (vii) +3, (viii) +5, 


(ix) +3, (x) 43, (xi) 42, (xii) -1, (xiii) 0, (xiv) 22, +4, -3 (ху) +3, (xvi) +6 


‚ (а) +5,0, (b) 46, 22, (с) +7, 0, (d) +, 0, (е) +3, 0, 


(1) +5, 3, (g) +5, -3, (b) 0, -4, (i) +7, -1, О +2, 0, (k) +, = ; 


‚ (а) (у), (у), (ік), (b) (iii), (с) (i), (vi), (уі); 


Яя; 


| Аја. oxidized and poto is reduced , (b) 24 ; 


(0. Oxidunt—AlCls,  Reductant К 
(tt) Oxidant—SO», Reductant H2S 
(nt). None 


(iv) Oxidant—l», Reductant 12: 
қ; 47 
9. (а) 45, +4, (b) VO?* is oxovanadium(iv) ion ; УО» is dioxovanadium (v) ion ; 
10. 43; 11. See solution ; 


12. (а) 2BaCrO4 + 6HI + 16НС1 —»o 2CrCl + 315 + 6KCI + 2BaCl + 8Н; 


13. 


(b) 350) + 2Ма2СгО; + 29,804 —— 2Ма2504 + Сг2(504)3 + 2H20 


(о) C3H ОН + 4L; -6ОН7-- CHI + НСО) + 5Г + 58,0 
(il) АН + ЗА 5253 + 28НМОз — > 6H3AsO, + 98504 + 28NO 
(е) Cl; + НС 05 + 2Н20 — 20Г + 2004 +5Н* 

(1) 3145 + 2НМОз + 12HCI —9 3Н2НєСЇ + 35 + 2NO + 4H20 
(ы) 2Mn;0; —— 4МпО) + 302 

1.5 mole МО». 
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10. 





Problems for Self Assessment 
Find out the oxidation number of underlined atoms: 

(a) Xeo% ; (b) КО; ; (©) SO;F, ; (d) CuFeS, ; (е) FeS, 
(f) NaFeO, ; (в) ЕсуВг,: (h) Rb,Cs; [НУ (01: 0) HVqOj; ; 
(р YBajCu40;. 


Identify the type of redox changes in the examples given below: 


AI(GEt), 
(a) 2СН,СНО-----ЭСН,СООС,Н, 
(b) АН,РО, —^ > 3H,PO, + PH, 
(с) Р, + 3NaOH + 3H,0 — —» 3NaH;PO, + PH, 
(d) NH,NO, —> N,0 + 26,0 
(e) 2KCIO, ——> 2KCI + 30; 


(f) 2MnO, + 4KOH-— —» 2К,МпО, + 29,0 


ЕеС,О, is oxidised by KMnO, in acid medium. What is the ratio of mole of 
KMnO, used per mole of FeC,0,. 


Arrange the following ions in increasing order of oxidation number of sulphur 
atom. $02”, 5,02", 5,027, HS7, 5,02 , Sg, HSO}. 

Calculate the number of moles of KMnO, that will be needed to react with 1 mole 
of 50; in acidic solution. 


Explain, why? 
(a) H5S acts as reductant whereas, SO» acts as reductant and oxidant both. 
(b) H,O, acts as reductant and oxidant both. 


What may be the values of x in the reaction: 


СІ, + 2xK — 2ХКС1- 1,2 
Calculate the number of electrons lost or gained during the changes: 
(a) 3Fe + 48,0 —> Fe40, + 4H, 
(b) AICI, + ЗК —— AI + 3KCI 


Six mole of Cl, undergo а loss and gain of 10 mole of electrons to form two 


oxidation states of CI. Write down the two half reactions and find out the oxidation 
number of each СІ atom involved. 


Complete and balance the following equations: 


(b) Qu^ 4 T — 3 Си' +1, 
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11. 


12. 
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Balance the following in basic medium: 
() Cri, +H,O, + ОНГ —> CrO} +10, + H,O 
(ii) KOH + KyFe(CN), + Ce(NO4), —9 Fe(OH); + Ce(OH)3+ K,CO; + КМО, 


> +Н›О 
Balance the following equations using desired medium: 
(a) Crj02- + СНО + Н+ —> С,Н,О, + Cr^* 
(b) SbCl, + KIO; + НС —9 SbCl, + ІСІ + Н,О + КС! 
(c) FeC50, + KMnO; + H5S0, — > Fe,(SO,)3 + СО, + MnSO,+ К,50, + H,O 
(d) AsH, + KCIO, —> НЗА5О, + КС! 
(e) ЕеСг,О, + КСО, + КСЮ, — > Ёе,О, + K;CrO, + KCI + СО, 
(f) Pb(N3) + Co(MnO,), —— CoO + MnO, + РЬ,О, + NO 


2. 


3 
4 
5. 
6 
8 


. (a) 48, (b) 4 (c) +6, (d) 22, (e) -1, (f) 43, (g) 48/3. (h) +5, (i) +3, 


(1) +2, (Ba shows only +2 state in combined form) ; 

(i) Intermolecular redox: (f), (ii) Disproportionation: (a), (b), (c), 
(iii) Intramolecular redox: (d), (e) 

. KMnO; : FeC204::5:3 or 1 mole FeC204 = 0.6 mole KMnO4 


. HS” < Sg < 503 < S407 «SO4 < Н504 = $208 ; 


2 mole KMnO; ; 


. Follow solved problem 11: 7. 1 огЗог5 ; 


. (a) 8 electrons, (b) 3 electrons ; 9. 45, -1, 6C — 201" + 10СГ; 


10. (а) 2KMnO, + 38280, + 5820; —> K5SO, + 2MnSO, + 8620 + 502 


(b) 2Cu** + 2 — 2Cu* + 5 


п. (i) 2Crls + 27620; + 10ОН”--э 2СгО + 6104 + 32H20 


(ii) 258КОН + К,Ее(СМ), + 61 Ce(NO4), --> 61Се(ОН), + Fe(OH); + 36H50 


+ 6К,СО, + 250KNO, 
12. (a) CO% + 3C2H40 + 8H* — 5 3C2H40; + 2277" + 4Н2О 
09) 355С1, + KIO, + 6HCl —> 2SbCl; + ІСІ + ЗН,О + KC) 
+ 3K5SO, + 24H,0 


(d) 3AsH, + 4KCIO, —> 3H5AsO, + 4КСІ 
(e) 6FeCr,0, + 12K,CO, + 7KCIO, —> 3Fe,0, + 12K,C10,+ 7КСІ + 12СО, 
(f) 30Pb(N3), + 44Co(MnO,), — 132MnO, + 44CoO + 180NO + 10Pb,0, 





4 Redox Titrations 


Chapter at a Glance 


Equivalent of solute 
Volume of solution in litre 





1. Normality - 





2. Milliequivalent = N x Vin mL = усан 
E. wt. 
3. Equivalent - N x V, xus 
4 4 = inL — E. wt. 
67 ы Moles of solute 
SAM ИО solution in litre 
Е: wt. 
5. Milli-moles = M x У in mL = M. wo x 1000 
wt. 
М б. Moles = Мх Vt e 


7, Molarity х Valence factor = Normality 
8. Valence factor = No. of electrons lost or gained by one molecule of reductant or 
oxidant 
9, Equivalent wt. of: reductant or oxidant 
Y M. wt. of reductant or oxidant T 
No. of electrons lost or gained by one molecule of reductant or oxidant 


Note: Never use any other formula for eq. wt. if change is redox one. 
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> Problem 1. 


> Problem 2. 


> Problem 3. 


> Problem 4. 


> Problem 5. 


» Problem 6. 


» Problem 7. 


> Problem 8. 


> Problem 9. 


B 
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The Basic Problems with Solution 


Evaluate equivalent weight of reductant or oxidant given on left hand 
side of each reaction : 


(a) Аз,0, + 5H,0 —> 2450,“ + 10H* + 4e 
(b MnO, + 8H* + 5e —> Мад + 4Ң,0 
(с) CrO;" + 14H* + бе —o 2Cr** + 760 


(d) C,0,7 —> 2СО, + 2e 
(e) ЕеС,О, ——> Fe** + 2С0, + Зе 
(f) 2CuSO, + 2e —> Си,“ + 50,7 


Reaction, 2Br (ag) + Cl; (ag) “> 2Cl (aq) + Вгдар), is used for 
commercial preparation of bromine from its salts. Suppose we have 
50 mL of a 0.060 М solution of NaBr. What volume of a 0.050 М 
solution of Cl, is needed to react completely with the Br? 
What mass of Мау8,О,.5Н,О is needed to make 500 cm? of 0.200 № 
solution for the reaction : 

28,0;7 + 1, — S404 + 2r 
How many equivalents are there per mole of Н, in its oxidation to 
SO,? 
12.53 mL of 0.0509 M SeO, reacted with 25.52 mL 0.1 M CrSO, 
solution. In the reaction Cr^* was oxidized to Cr. To what oxidation 


state selenium was converted in the reaction? Write the redox change 
for SeO;. 


In a reaction, Со)” is reduced to Cr°*. What is concentration of 0.1 
МК,Сг,О, in equivalent per litre? 
CrjO;- + 14H* + бе ——> 2Cr** + 7H,O 
What is molarity and normality of a MnO, solution if 32.00 mL of 
the solution is required to titrate 40.00 mL of 0.400 N Fe?*? 
MnO, + 5Fe** + 8H* —> Мад + 5Fe** + 4Н.О 
ма (аа) can be determined by titration with MnO, (aq) 
3Mn** + 2MnO, ——> 6MnO, + 29,0 


A 25.00 mL sample of Мп?” (aq) requires 34.77 mL of 0.05876 М 
KMnO, (аа) for its titration. What is the molarity of the Мп2 (ад)? 
А 1.100 g sample of copper ore is dissolved and the Си (ад) is treated 
with excess КІ. The liberated 1; requires 12.12 mL of 0.10 ММа:5:О; 
solution for titration. What is % copper by mass in the ore? 
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> Problem 10. 
> Problem 11. 


> Problem 12. 


> Problem 13. 


> Problem 14. 


»- Problem 15. 


> Problem 16. 
“ 


> РгоМет 17. 


> Problem 18. 


> Problem 19. 


» Problem 20. 


т 


What mass of N)H, can be oxidised to №, by 24.0 g К,СгО,, which is 
reduced to Cr(OH), . 

It requires 40.0 mL of 0.50 М Се** to titrate 10.0 mL of 1.0 M Sn?* to 
Sn**. What is the oxidation state of cerium in the reduced product. 
Calculate the mass of oxalic acid (Н,С,О,) which can be oxidised to 
СО, Бу 100.0 mL of MnO% solution, 10 mL of which is capable of 
oxidising 50.0 mL of 1.0 NT to Ip. 

А KMnO; solution can be standarised by titration against As,O; (s). 
А 0.1156 g sample of AsO}, requires 27.08 mL of the KMnO; (ад) 
for its titration. What is the molarity of the KMnO, (aq) [As = 75]. 


5А5,0, + 4МпО, + 9H,O + 12H* ——> 10H,AsO, + 4Mn?* 
A particular acid-rain water has $0. If a 25.00 mL sample of this 


water requires 34.08 mL of 0.01964 M КМпО, for its titration, what 
is the molarity of SO; in acid-rain? 

2MnO, + 580,7 + 6H* ——> 550,7 + 2Mn* + 3H,0 

A solution containing 1.984 р of crystalline Na,S,03.xH,O in water 
required 40 mL of №5 iodine solution for complete reaction. Calculate 
the value of x. 

If 10.00 g У,О, is dissolved in acid and reduced to V?* by treatment 
with Zn metal, how many mole I, could be reduced by the resulting 
V?* solution as it is oxidised to V^*. At. weight of = 51. 

A 0.56 g sample of limestone is dissolved in acid and the calcium is 
precipitated as calcium oxalate. The precipitate is filtered, washed 
with water-and dissolved in dil. H;SO,. The solution required 40 mL 
of 0.25N KMnO, solution for titration. Calculate percentage of CaO 
in limestone sample. 

How many mL of aqueous solution of KMnO, containing 158 g/L 
must be used to complete the conversion of 75.0 g of KI to iodine by 
the reaction : 


KMnO; + KI + HSO, --> K,SO, + MnSO, + I, + 64,0 

What is the maximum weight of Cl, obtained by the action of 1 g НС! 
on 1 g Мпо;. 

25 mL of 0.017 HSO; in strongly acidic medium required 16.9 mL 
of 0.01 M KMnO; and in neutral medium required 28.6 mL of 0.01M 
КМпо, for complete conversion of SO, to 5047. Assign the 
oxidation no. of Mn in the product formed in each case. 
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1. See solution ; 
3. 248g; 
5. Se” + Ле — Se? 
7. 01М,05М; 
9. 7.0096; 

11. 33; 

13. 0.0172 М; 

15. х=5; 

17. 50%; 

19. 0.47925; 


NUMERICAL PHYSICAL CHEMISTRY 


Answers 





300 mL; 

6 equivalents ; 

0.6N; 

0.1226 М; 

2.97 8: 

225g; 

0.1339 N , 0.0669 М; 
0.1098 ; 

90.36 mL ; 

Мп?*, мп” 
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Solution 1. 





Solution 2. 


Solution 3. 


Solution 4. 


(b) 


(с) 


(4) 


(e) 


(f) 


or 


or 


or 





Solution 


Mol. weight of reductant or oxidant 


“red/oxi. Number of electrons gained or lost by 
one molecule of reductant or oxidant 
or valence factor 


Мо, 


= 3 5 
Poe (Ав) ——> 2As”" + Де) 





М,, 4. 
ЭЭЛ (Mn^* + $e ——> Mn?*) 





Емьо;- = 


M. n- 
Eco, = se. (Се, —> 207" + бе) 


4 
P 


Ёс,о2-5 Ес (С; —> 2c** + 2e) 


М. ^ су 
бол 5 теш (Fet +С 3 —> re?* +20" +3е) 


Meuse, 





Есизо, = (2Cu** + 2е ——› Cu,*) 


2Br + СІ, — 2СГ-- Вг, 
2Br —— Br,’ + ге (Valence factor for Вг! = 1) 


CL? + 2e —> 2СГ (Valence factor for СІ, = 2) 
Мед. of Cl; = Мед. of Br^ 
0.05 x 2 x V= 50 х 0.60 x 1 
У = 300 mL 
Мед. оГМа›520; = 0.2 х 500 = 100 (^ Мед. = У Х Vin qr) 


wt 








1771 1000 = 100 ( Мед. = Z wg ” 1000) 
м 
gag * 1000 = 100 (Mol.wt. Na,S,0;.5H,0 = 248) 
и= 24.8 g 
H.S ==” 50, 


Mies = Ми х 6 


278 NUMERICAL PHYSICAL C HEMISTRY 


Moles N 
Equivalent M 6 


Thus one mole of H5S has 6 equivalent in it. 


Solution 5. 867 + (a - 4e —9 Se^ 
п-а-4 (where п is valence factor) 
or cr? Сг «e 


Мед. of SeO, = Мед. of CrSO, 
0.0509 x nx 12.53 =0.1 x 1 x 25.52 
n-4 
а-4-4 
ог а-0 
Thus redox change is : Seft + 4e —— Se" 


Solution 6. N = M x valence factor 

ree N=0.1 x6 (Cry + бе — 2017) 
or М№М,с0у = 0.6 № 

Solution 7. Mea. of MnO,” = Мед. of Ее?” (Mn?* + 5e ——> Mn?*) 


N x 32 = 40 x 0.400 (Ее — > re? + e) 
М= 0.5 
ог Мкмпо is Мұмпо ,/ Valence factor 


0.5 
Also, Мкмпо, = "hs 0.1 M 


Solution 8. Mn2* —> Mn” + 2e 
Ми“ + Зе — Мп“ 
Also, Мед. of MnO, = Мед. of Mn** 
0.05876 x 3 x 34.77 =M x 2 х 25 
Муу,» 0.1226 M 


Solution 9. Си + е — си“ 
2T —9 I, + 2e 
25,0, —> 5,06“ + 2e 
Meg. of Си? = Мед. of liberated I; = Мед. of Ма;5,03 
= 12.12 x 0.1 x 17 1.212 
Wen 
TT x 1000 = 1.212 


1212x M 1212x636 


1000 mu oe 


Wey2t 7 
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Wey = Woy2+ = 0.077 р 





0.077 
96 Си= х 100 = 7.00% 


1.100 


Solution 10. N,” —> № + 4e 





е ст" + Зе — ст 
Мед. of NH, = Мед. of K;CrO, 





Me ON) om ОЙ АЕ мад 
іе Р " ____Мм.__ 
32/4 1942/3 (Ет Valence factor 
"кун, 7 2.97 g 
Solution 11. Sn?* —— Sn^* + 2e 


пе + се“ —o Cel- 


Мед. of Ce** = Мед. of Sn?” 
40 х 0.5 хи= 1 х2х 10.0 
п=1 
Ce* + е — се 
Thus oxidation state of Ce in reduced state is +3. 


Ч Solution 12. Ма” + 5e — Мп 


Ap => 2-26 
Мед. of I = Мед. of MnO,” 
50 x 10=10 x N 
Мо; 7 5 
Now Мп” + 5e ——> Mn” 
c,** — 26" + 2e 
Мед. of H,C,0, = Мед. of МпО,” 





w 
90/2" 1000 = 5 x 100 
и := 22.5 р 


Solution 13. Мед. of Ав;Оҙ = Мед. of KMnO} (А527 ——> 2457" + 4e) 


01156 
е 19874 ^ 1000- Мх 5 x 27.08 (Мп? + 5e —2 Mn?*) 


М= 0.0172 
Munoz = 0.0172 M 


Solution 14. Мед. of 50; = Мед. of KMnO, 
N x 25 = 34.08 x 0.01964 х 5 
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е М = 0.1339 


0.1339 
== л = 0.0669 


git —> sót + 2e 
Ngo,2-= 0.1339 N 


0.1339 
Mso,2- —— —— = 0.0669 M 





2 
Solution 15. 28,0327 —— 54067 + 2e 
2e + 1, —92r 
Also Мед. of Lj = Мед. of Na;S;0,.xH50 
NEC OT 
bS , 
5 Mil 


Муа,8уО,хнуо = 248 
2х 23 +2 х 32 + 16х3 + 18х = 248 
ог х=5 
Ма,5,0,.5Н,О 
Solution 16. Vj + бе — 2V?* 


Zn —9 Zn + 2e 
ү2* — > v** + 2e 
ђ + 2e — 27 
and Мед. of V?* (v.f. = 3) = Мед. of V;O, (v.f. = 6) 


„= 1000 
182/6 





2 
Мед. of V” (v.f. = 2) = х 1000 ха 


Мед. of у» (v.f. = 2) = Мед. of I, 
кең х 1000 e = Мед. of l, 
182 3 
ог Мед. of 15 = 219.78 
219.78 
2 
10989 


1000 
Mole of 1, = 0.1098 





m Mole of 1; — = 109.89 


Mole of |, = 


Ға: 
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Solution 17. CaCO, + 2H* —> Ca? + СО, + HO 


Ca^ + 02" ——> СаС,О, 
СаС,О, + KMnO; in presence of H5SO, show the following redox 


changes: 
ec | CFF ——› 20 «2e 


Мп + 5e —— Mn?* 


The above set of reaction shows : 
Мед. of Сао = Мед. of СаС,О = Мед. of KMnO, 
(Valence factor is two for Ca throughout the changes) 


VCO. 1000 = 40 x 0.25 








56/2 
Wcao = 0.28 
% of СаО =~ х 100 = 50% 
158 
Solution 18. Nxmno, = 316х1 = 5.0 
М 158 
ч (Мп”* + 5e —> Mn” .. В ч) 
75 х 1000 = М 166 
Мед. of KI=— -4518 QT —b*2e .E- =) 
Now Мед. of KMnO, = Мед. of KI 
5 x V= 451.8 
V= 90.36 mL 
Solution 19. MnO, + 4HCI —— MnCl, + Cl, T 2Н,О 
| 1 
Initial mole 87 365 - ao - 
=0.011 0.027 
Final mol 00 0.027 0027 0.027 
inal mole 10.011 T. ] AE — d 
v 0.027 
2. Mole of Cl, formed t 


7 
x 71 = 0.4792 р 





wt. of Cl; formed = 
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Solution 20. 507 — so,* 


. Valence factor of SO; = 2 
In acid medium : 
Мед. of 5032 = Мед. of MnO,- 
25 x 0.017 x 2= 16.9 x 0.01 x nj 
n -5 
Mn” + 5e ——> Ма” 
In neutral medium : A 
Мед. of S03% = Мед. of MnO,- 
25 x 0.017 x 2= 28.6 x 0.01 хп, 
n = 3 


Мп”* + Зе ——> Ма” 


3 
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> Problem 1. 


» Problem 2. 


> Problem 3. 


"> Problem 4. 


» Problem 5 


» Problem 6. 


Selected Problems with Solutions 





Calculate the equivalent weight of each oxidant and reductant in: 


(a) FeSO, + KCIO4 — > КС! + Fej(SO4), 
(b) NaSO; + Na3CrO4 —> Ма250, + Cr(OH)3 
(c) Fe40, + KMn0, —o Ее2Оз + MnO, 

(d) KI + K3C05 —o Cr** + 31 

(e) Мп“ — + Mn” 

(f) №05 — № 

(8) № э NH; 

(h) № 25203 + 15 —> Ма25406 + 2Nal 
(i) FeC204 ——> Fe?* + СО, 


20 mL of 0.2 M MnSO, are completely oxidized Бу 16 mL of КМпОд 
of unknown normality, each forming Ма” oxidation state. Find out the 
normality and molarity of KMnO; solution. 


An element А in а compound ABD has an oxidation no. A" . It is 
oxidised by Сг)? in acid medium. In йн experiment 1.68 х 10^ ^? mole 
of К,Сг,О, was required for 3.26 x 10^ ? mole of the compound ABD. 
Calculate new oxidation state of A. 


KMnO, oxidizes X"' ion to ХО», itself changing to Ма?" in acid 
solution. 2.68 x 1077 mole of X"* requires 1.61 x 1073 mole of MnOj. 


What is the value of п? Also calculate the atomic mass of X, if the weight 
of | g equivalent of ХС1„ is 56. 


Mg can reduce NO, to NH; in basic solution: 
NO, + Mg(s) -Н,О-- Ма ОН), (5) + OH (aq) + NH3(g) 
A 25.0 mL sample of NO; solution was treated with Mg. The NH3(g) 


was passed into 50 mL of 0.15 N HCI. The excess HCl required 32.10 
mL of 0.10 M NaOH for its neutralisation. What was the molarity of 


МО» ions in the original sample. 

Hydroxylamine reduces iron III according to the equation 
4Fe?* + 2МН2ОН — №0 + H50 + 4Fe?* + АН“. Iron II thus produced 
is estimated by titration with standard KMnO; solution. The reaction is 
MnO, + 5Fe?* + 8H* — Mn?* + 5Fe?* + 4620. A 10 mL of hydroxyl- 
amine solution was diluted to one litre. 50 mL of this diluted solution 
was boiled with an excess of Fe?" solution. The resulting. solution 
required 12 mL of 0.02 M KMnO, solution for complete oxidation of 


Ес. Calculate the weight of NH2OH in one litre of original solution. 
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» Problem 7. 


> Problem 8. 


» Problem 9. 


»- Problem 10. 


» Problem 11. 


»- Problem 12. 


NUMERICAL PHYSICAL CHEMISTRY 


A solution is containing 2.52 g litre ^ of a. reductant. 25 mL of this 
solution required 20 mL of 0.01 M КМпо, in acid medium for oxidation. 
Find the mol. wt. of reductant. Given that each of the two atoms which 
undergo oxidation per molecule of reductant, suffer an increase in 
oxidation state by one unit. 

Two solutions of 0.1 M Сг,О? (aq) and 0.1 M Мпох(ад) are to be used 

to titrate Ее? (ад) separately: | 

(a) With which solution, Сг2О7 (aq) ог МпОд(аа), would the greater 
volume of titrant (titrating solution) be required for a given solution 
of Бе (ад). 

(b) If a given titration requires 24.50 mL of 0.100 M СгәО? (ад), how 
many mL of 0.100 M МпО,(аа) would have been required if it had 
been used instead? 

KMnO; solution is to be standardised by titration against As?Os(s). A 

0.1097 g sample of А$2Оз requires 26.10 mL of the KMnO; solution 

for its titration. What are the molarity and normality of the KMnO4 

solution? 

A steel sample is to be analysed for Cr and Mn simultaneously. By 

suitable treatment the Cr is oxidised to Сг,027 and the Mn to MnO4. А 

10.00 g sample of steel is used to produce 250.0 mL of a solution 

containing Сг,02- and Мпоа. 

(а) А 10.00 mL partion of this solution is added to a BaCl, solution 
and by proper adjustment of the acidity, the chromium is completely 
precipitated as 0.0549 2 BaCrO,. 

(b) A second 10.00 mL portion of this solution requires exactly 15.95 
mL of 0.0750 M standard Ее?* solution for its titration (in acid 
solution). Calculate the % of Mn and % of Cr in the steel sample. 

(Cr = 52, Мп = 55, Ba = 137) 

A 200 mL sample of a citrus fruit drinks containing ascorbic acid 

(vitamin C, mol. wt. 176.13) was acidified with H2SO4 апа 10 mL of 

0.0250 M Ip was added. Some of the iodine was reduced by the ascorbic 


acid to Г. The excess of 1, required 4.6 mL of 0.01 M Na2S203 for 
reduction. What was the vitamin C content of the drink in mg vitamin 
per mL drink? The reactions are: 
СеН8Об6 + 15 —> СНО + 2HI 
5H20 + 5:0 + 41) —> 2504 + 817 + 10H* 

An acid solution of КЕео, sample containing 26.83 mg of combined 
rhenium was reduced by passage through a column of granulated zinc. 
The effluent solution including the washings from.the column, was then 
titrated with 0.05 М KMnO,. 11.45 mL of the standard KMnO, was 
required for the reoxidation of all the rhenium to the perrhenate ion 


|| 


ч 
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» Problem 13. 


» Problem 14. 


» Problem 15. 


» Problem 16. 


> Problem 17. 


» Problem 18. 


> Problem 19. 


> Problem 20. 


КеОд. Assuming that rhenium was the only element reduced, what is 
the oxidation state to which rhenium was reduced by the zinc column. 

2.480 g of KCIO3 are dissolved in conc. НСІ and the solution was boiled. 
Chlorine gas evolved in the reaction was then passed through a solution 
of КІ and liberated iodine was titrated with 100 mL of hypo. 12.3 mL 
of same hypo solution required 24.6 mL of 0.5 N iodine for complete 
neutralization. Calculate 96 purity of КСІОз sample. 

1 g of moist sample of KCl and KCIO; was dissolved in water to make 
250 mL solution, 25 mL of this solution was treated with SO, to reduce 
chlorate to chloride and excess of SO; was removed by boiling. The 
total chloride was precipitated as silver chloride. The weight of 
precipitate was 0.1435 g. In another experiment, 25 mL of original 
solution was heated with 30 mL of 0.2 N ferrous sulphate solution and 
unreacted ferrous sulphate required 37.5 mL of 0.08 N solution of an 
oxidant for complete oxidation. Calculate the molar ratio of chlorate to 


chloride in the given mixture. Fe?* reacts with СОЗ according to equation. 
CIO; + бре + + 6H* —> СГ + 6Fe?* + ЗНО 


0.84 g iron ore containing X per cent of iron was taken in a solution 
containing all the iron in ferrous state. The solution required X mL of a 
potassium dichromate solution for oxidation of iron content to ferric 
state. Calculate the strength of potassium dichromate solution. 

0.5 g sample of iron containing mineral mainly in the form of CuFeS; 
was reduced suitably to convert all the ferric ions into ferrous ions 
(Fe i > Fe?*5 and was obtained as solution. In the absence of any 
interferring radical, the solution required 42 mL of 0.01 M К-Сг2Оҙ for 
titration. Calculate % of CuFeS, in sample. 


0.2828 р of iron wire was dissolved in excess dilute H2SO4 and the 
solution was made upto 100 mL. 20 mL of this solution required 30 mL 
of N/30 K2Cr20; solution for exact oxidation. Calculate % purity of Fe 
in wire. 

A substance of crude copper is boiled in Н2504 till all the copper has 
reacted. The impurities are inert to acid. The SO; liberated in the reaction 
is passed into 100 mL of 0.4 M acidified KMnO,. The solution of 
KMnO; after passage of SO; is allowed to react with oxalic acid and 
requires 23.6 mL of 1.2 M oxalic acid. If the purity of copper is 90%, 
what was the weight of sample. 

What mass of К2Сг2Оҙ is required to produce 5.0 litre CO» at 75°С and 
1.07 atm pressure from excess of oxalic acid. Also report the volume of 
0.1 N NaOH required to neutralise the CO» evolved. 

Calculate the mass of oxalic acid (H2C504:2H50) which can be oxidised 


to СО» by 100 mL of МпОд (acidic) solution, 10 mL of which аге 
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> Problem 21. 


> Problem 22. 


» Problem 23. 


> Problem 24. 


» Problem 25. 


». Problem 26. 


» Problem 27. 


NUMERICAL PHYSICA. CHEMISTRY 


capable of oxidising 50.0 mL of 1.0 MT to 15. Also calculate the weight 
of FeC 204 oxidised by same amount of MnOj. 

The calcium contained in a solution of 1.048 g of a .ubstance being 
analysed was precipitated with 25 mL H2C204. The excess of C904 in 
one fourth of filtrate was back titrated with 5 mL of 0.1025N KMnO,. 
To determine the conc. of H2C204 solution, it was diluted four folds and 
titration of 25 mL of dilute solution used up 24.1 mL of same KMnO4 
solution. Calculate 96 of Ca in substance. 

100 mL solution of FeC204 and FeSO, is completely oxidized by 60 
mL of 0.02 M KMnO, in acid medium. The resulting solution is then 


reduced by Zn and dil. НСІ. The reduced solution is again oxidized 
completely by 40 mL of 0.02 M KMnO,. Calculate normality of 


FeC450, and FeSO, in mixture. 

25 mL of a solution containing Fe?* and Ее” sulphate acidified with 
H2SO,j is reduced by 3 g of metallic zinc. The solution required 34.25 
mL of N/10 solution of K2Cr20; for oxidation. Before reduction with 
zinc, 25 mL of the same solution required 22.45 mL of same К2Сг;Оҙ 
solution. Calculate the strength of FeSO4 and Fe2(SO4), in solution. 

A sample of ferrous sulphate and ferrous oxalate was dissolved in dil. 
#2504. The complete oxidation of reaction mixture required 40 mL of 
№15 KMnO4. After the oxidation, the reaction mixture was reduced by 
Zn and H2SO4. On again oxidation by same КМпО,, 25 mL were 
required . Calculate the ratio of Fe in ferrous sulphate and oxalate. 

A solution contains mixture of H2SO4 and H2C20,. 25 mL of this 
solution requires 35.5 mL of N/10 NaOH for neutralization and 23.45 
mL of N/10 KMnO; for oxidation. Calculate: 

(i) Normality of Н,С,О, and H5SO,, 

(ii) Strength of H9C50, and H5SO,. 

Assume molecular weight of Н2С2Од = 126 

A compound is known to be hydrated double salt of potassium oxalate 
and oxalic acid of the type aK2C204. bH2C204. сН:О, where a, b and 
c are unknown. When 1.613 g of this compound is dissolved in water 
and solution made upto 250 mL, it is found that 25.0 mL of this solution 
is neutralised by 19.05 mL of 0.1 N alkali and reduces 25.40 mL of 0.1 
N KMnO, solution. What is the formula of the salt? 


30 mL of a solution containing 9.15 g/litre of an oxalate 
Ky Hy (C204)z nH30 are required for titrating 27 mL of 0.12 М NaOH 
and 36 mL of 0.12N КМпО, separately. Calculate X, Y, Z and n. Assume 
all H atoms are replaceable and X, Y,Z are in the simple ratio of g 


atoms 
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» Problem 28. 


> Problem 29. 


> Problem 30. 


„> Problem 31. 


» Problem 32. 


>” Problem 33. 


On ignition, Rochelle salt NaKC4H40¢-4H20 (mol. wt. 282) is con- 
verted into NaKCO3 (mol. wt. 122). 0.9546 р sample of the Rachelle 
salt on ignition gives NaKCOs which is titrated with 41.72 mL H2804. 
From the following data, find the percentage purity of the Rochelle salt. 
The solution after neutralisation requires 1.91 mL of 0.1297 N NaOH. 
The H35SO, used for the neutralisation requires its 10.27 mL against 
10.35 mL of 0.1297 N NaOH. 

25 mL of a solution of ferric alum Fe2(SO4)3 (NH4)2S04-24H20 
containing 1.25 g of the salt was boiled with iron when the reaction 
Fe + Fe2(SO4)3 — 3FeSO, occurred. The unreacted iron was filtered off 
and solution treated with 0.107N КМпО, in acid medium. What is titre 
value? If Cu had been used in place of Fe, what would have been titre 
value? 

А 2.5 р sample containing Аѕ2О5, Ма›НА$Оз and inert substance is 


dissolved in water and the pH is adjusted to neutral with excess of 
NaHCO3. The solution is titrated with 0.15 M Ip solution, requiring 11.3 


mL to just reach the end point, then the solution is acidified with НСІ, 
KI is added and the liberated iodine requires 41.2 mL of 0.015 M 
Ма252Оз under basic conditions where it converts to SO;. Calculate 
per cent composition of mixture. 
Calculate the weight of MnO; and the volume of HCI of specific gravity 
12 р mL! and 4% nature by weight, needed to produce 1.78 litre of 
СІ; at STP by the reaction: 
MnO) + 4HCI —> MnCl, + 2H20 + Cl; 
Chile salt peter, a source of NaNO; also contains NalO3. The NaIO; can 
be used as a source of iodine, produced in the following reactions. 
103 + 36803 — Г + ЗН? + 3504" 44401) 
ST +105 + 6H* — 3L + 3Н:О .. (2) 
One litre of chile salt peter solution containing 5.80 р NaIO; is treated 
with stoichiometric quantity of МаН$Оз. Now an additional amount of 
same solution is added to reaction mixture to bring about the second 
reaction. How many grams of NaHSO3 are required in step I and what 
additional volume of chile salt peter must be added in step II to bring in 
complete conversion of Г to 1? 
(а) CuSO, reacts with KI in acidic medium to liberate I, 
2CuSO, + 4КТ— Cu;L + 2K,SO, +1, 
(b) Mercuric per iodate Нр<(1О6); reacts with a mixture of KI and НСІ 
following the equation: 
Ну,(0,), + 34K1 + 24HCI — 5K, Hel, + 81, + 24КС! + 12H,O 
(c) The liberated iodine is titrated against Ма252Оз solution. One mL 
of which is equivalent to 0.0499 g of CuSO4-5H,O. What volume 
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» Problem 34. 


»- Problem 35. 


» Problem 36. 


» Problem 37. 


» Problem 38. 


» Problem 39. 
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in mL of Ма25203 solution will be required to react with 15 liberated 

from 0.7245 р of Hgs(IO¢)2? M. wt. of Hgs(IOg); = 1448.5 and 

M. wt. of CuSO4:5H20 = 249.5. 
Calculate the amount of 86047 in solution on the basis of following data. 
20 mL of M/60 solution of KBrO, was added to a definite volume of 
8602- solution. The bromine evolved was removed by boiling and г 
excess of KBrO, was back titrated with 5.1 mL of 44/25 solution of 
NaAsO,. The reactions are given below: 
(a) 5207" + BrO3 + Ht —> 5604 + Br; + Н2О 
(b BrO} + AsO} + HO —9 Br + AsO4 + Н? 
A mixture containing Às?203 and Аз205 required 20.10 mL of 
0.05N iodine for titration. The resulting solution is then acidified and excess 
of KI was added. The liberated iodine required 1.1113 g hypo 
(Ма252Озҙ:5Н2О) for complete reaction. Calculate mass of mixture. The 
reactions are: 

As703 + 21, + 2H90 —29 А0; +4Н*+4Г 
Аз205 + 4H* +4Г — > АзәОз +2 +2Н20 

In a quality control analysis for sulphur impurity 5.6 g steel sample was 
burnt in a stream of oxygen and sulphur was converted into 502 gas. 
The SO; was then oxidized to sulphate by using НО» solution to which 
has been added 30 mL of 0.04 M NaOH. The equation for the reaction 
is: 

SO»() + НО; ад) + 20H (ла) 222225 80404) + 2H20,) 
22.48 mL of 0.024 М НСІ was required to neutralize the base remaining 
after oxidation reaction. Calculate % of sulphur in given sample. 
0.108 g of finely divided copper was treated with an excess ofi ferric 
sulphate solution until copper was completely dissolved. The solution 
after the addition of excess dilute sulphuric acid required 33.7 mL of 
0.1 N КМпО, for complete oxidation. Find the equation which repre- 
sents. the reaction between metallic copper and ferric sulphate solution. 
At. wt. of Cu = 63.6; Fe = 56. 
1.249 р of a sample of pure BaCO3 and impure СаСОз containing some 
CaO was treated with dil НСІ and it evolved 168 mL of CO» at NTP. 
From this solution BaCrO, was precipitated, filtered and washed. The 
dry precipitate was dissolved in dilute H2SO, and diluted to 100 mL. 
10 mL of this solution when treated with KI solution liberated iodine 
which required exactly 20 mL of 0.05 М Ма25203. Calculate percentage 
of CaO in the sample. 
А 10 р mixture of Cu9S and CuS was treated with 200 mL of 


0.75 M MnOj in acid solution producing SO», Си?” and Mn?*. The 


. 
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» Problem 40. 


» Problem 41. 


» Problem 42. 


» Problem 43. 


SO; was boiled otf and the excess of MnO, was titrated with 175 mL 


of 1 M Fe?* solution. Calculate % of CuS іп original mixture. 
For estimating ozone in the air, a certain volume of air is passed through 
an acidified or neutral KI solution when oxygen is evolved and iodide 
is oxidised to give iodine. When such a solution is acidified, free iodine 
is evolved which can be titrated with standard Na2S204 solution. In an 
experiment 10 litre of air at 1 atm and 27°С were passed through an 
alkaline KI solution, at the end, the iodine entrapped in a solution on 
titration as above required 1.5 mL of 0.01N Na2S205 solution. Calculate 
volume 46 of O4 in sample. 
А forensic chemist needed to determine the concentration of HCN in the 
blood of a suspected homicide victim and decided to titrate a diluted 
sample of the blood with iodine, using the reaction, 
НСМ аа) + 15 —> ICN(g + 2Цаа) + На 

A diluted blood sample of volume 15 mL was titrated to the 
stoichiometric point with 5.21 mL of an 13 solution. The molarity of I3 
in the solution was determined by titrating it against arsenic (IIT) oxide, 
which in solution forms arsenious acid, НзА$Оз. It was found that 10.42 
mL of the tri-iodide solution was needed to reach the stoichiometric point 
with a 10 mL sample of 0.1235 M НҙАзОз in the reaction. 

H3AsO3(aq) + 13(aq) + НО) > H3AsO4(g) + Зад) + 2Н (аф 
(a) What is the normality of 0.1185 M tri-iodide ions in the initial 

solution? 
(b) What is the molar concentration of 0.0412 M HCN in the blood 

sample? 
A mixture of two gases, H2S and SO, is passed through three beakers 
successively. The first beaker contains Pb?* ions, which absorbs all 
H2S to form PbS. The second beaker contains 25 mL of 0.0396 М Ip, 
which oxidises all 5О to SO;. The third contains 10 mL of 0.0345 N 
thiosulphate solution to retain any 15 carried over from the second 
absorber. The solution from first absorber was made acidic and treated 
with 20 mL of 0.0066 M K;Cr20;, which converted S?" to $02. The 
excess dichromate was reacted with solid KI and the liberated iodine 
required 7.45 mL of 0.0345 М Ма2$2Оз solution. The solution in the 
second and third absorbers were combined and the resultant iodide was 
treated with 2.44 mL of the same solution of thiosulphate. Calculate the 
concentrations of SO; and H5S in mg/litre of the sample. 
А 0.141 g sample of phosphorus containing compound was digested in 
а mixture of HNO, and H5SO, which resulted in formation of 
СО», H20 and НАРОД. Additicn of ammonium molybdate yielded a solid 
having the composition (NH4),PO4 12MoO3. The precipitate was fil- 
tered, washed and dissolved in 50.0 mL of 0.20 M NaOH. 
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» Problem 44. 
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(NH4)3PO4-12MoO45) + 260Н — НРО; + 12МоО2” 
+ 14620 + 3NHs(g 
After boiling the solution to remove the NH3, the excess of NaOH was 
titrated with 14.1 mL of 0.174 M HCI. Calculate the percentage of 
phosphorus in the sample. 
1 g of a sample of NaOH was dissolved in 50 mL 0.33 M alkaline 
solution of KMnO, and refluxed till all the cyanide was converted into 


ОСМ. The reaction mixture was cooled and its 5mL portion was 
acidified by adding Н804 in excess and then titrated to end point against 
19.0 mL of 0.1 M FeSO, solution. Calculate 96 purity of NaCN sample. 


7 
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Answers - 
1. (а) 152, 20.42, (b) 63, 54, (c) 232, 52.67, (d) 166, 49, (e) 27.5, 
(f) 12.4, (g) 4.67, (h) 158, 127, (i) 48 
2. 05 N, 0.167 M ; 3. 3-n ; 
4. 2, 97 ; 5. 0.1716 ; 
6. 39.6 g/litre ; 7. 126 ; 
8. (a) See solution, (b) 29.4 mL ; 9. 0.085 М, 0017 М: 
10. Cr=2.821%, Мп= 1.496% |, 11. 0.058 mg/mL ; 
12. +3 ; 13. 82.32% ; 
14. 2. 1 2 15. 7.35 g/litre ; 
16. 92.48% ; 17. 99% ; 
18. 5.062 ; 
19. К-Сг;Оҙ)-9.18р, У= 3.746 litre 
20. Н:С-О, = 31.5 5. FeC;04 = 24 g 
21. 14.94% ; 22. FeC204 = 0.03 N, FeSO4,- 0.03 М; 
23. FeSO, = 13.64 g/litre, Fe2(SO4)3 = 9.45 g/litre ; 
24. 7/3 ; 
25. (i) НСО = 0.0938 М, Н25Од- 0.0482 М, 
(ii) НэС:О, = 5.909 g/litre, Њ50, = 2.362 g/litre ; 
26. K2C204:3H5C2044H;0 : 27.#Х =; Y= 3, 222: п=2; 
28. 76.87% ; 29. 36.36 mL, 24.24 mL ; 
30. Na?HAsO4 = 11.53%, As O05 = 3.57%, inert material = 84.9% ; 
31. НСІ = 241.7 mL, МпО) = 6.9134 g ; 
32. 9.14 в, 200 mL ; 33. 40 mL ; 
34. 0.084 2 ; 35. 0.2496 р; 
36. 0.1875% ; 37. See solution ; 
38. 14.09% ; 39. 57.94% ; 
40. 1.847 x 107796 : 41. (а) 0.1185, (9) 0.412 
42. SO, = 0.72 mg/litre, H3S = 0.125 mg/litre ; 
43. 6.4%. 44. 93% 
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Problems for self Assessment 


Find out the equivalent of the species written below taking their molecular weight 
as M. 

(а) Na;CrO, іп Na,SO, + Na,CrO, —> Na,SO, + Cr(OH); 

(b) Ав-5; in ASS, + LONO; + 4Н* — 10МО, + 24504" + 35 + 2H,C > 
(с) ПРО in НАРОЈ —> H4PO, + PH4 


(d) MnO, іп MnO, 23. Мпој + Мп?" 

(е) KHC50, in KHC50, + KOH —> K,C,0, + H,O 

(Г) SO, іп SO, + Н,5 —> 38 + 28,0 

(g) CO, in C+0,—> СО, 

(h) SO, іп 550, + 2KMnO, + 2H,O —> K,SO, + 2MnSO, + 2H,SO, 
(i) CuS іп CuS + KMnO, —9 Си?” + SO, + Ма?” 

() воз т B1O; + 6H* + бе——> Вг + ЗН,О 


, If 10 g of V5O, is dissolved in acid and is reduced to va by zinc metal, how many 


moles of 15 could be reduced by the resulting solution if it is further oxidised to 


VO?* ions? (У = 51. O= 16,1 = 127). 
30 mL of an acidified solution 1.5 V MnO; ions, 15 mL of 0.5 N oxalic acid and № 
I5 mL of 0.4 N ferrous salt solution are added together. Find the molaiities of 


MnO, and Fe** ions in the final solution? 

0.518 g sample of limestone is dissolved and then Ca is precipitated as СаС-О,. 
After filtering and washing the precipitate, it requires 40. mL of 0.25% KMnO, 
solution to equivalence point. What is percentage of Саб in limestone? 

What volume of Н, at NTP is needed to reduce 125 2 of MoO, to metal? 

What weight of pyrolusite containing 89.21% of MnO, will oxidize the same 
amount of oxalic acid as 37.12 mL of KMnO, solution of which 1.0 mL will liberate 
0.0175 g of I, from KI? 

9.824 в of FeSO4(NH4)5SO,-XH50 were dissolved іп 250 mL of solution. 20 mL 
of this solution required 20 mL of KMnO, containing 3.52 g of 90% by weight 
КМпо, dissolved per litre. Calculate value of x. 

Sufficient amount of HS gas is passed through 5 mL solution of tincture of iodine +, 
to convert its all iodine into iodide ion. The sulphur precipitated is filtered off and 
the solution is made upto 1 litre and acidified with НСІ. 250 mL of this solution 
requires 28 mL. of 0.05 № Се?" for the conversion of entire ГГ into ІСІ only. 2 ml 
of same sample of tincture of iodine gave 0.0313 g of yellow precipitate in another 
experiment when treated with AgNO, solution. What weight per cent of iodine is 


present in the form of iodine., CFincture of iodine contains ! and 1, both). 
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9, 


9.55 р of a sample of bleaching powdei was extracted with water and the solution 
was made up to one litre. 25 mL of this solution was added to 50 mL solution of 


FeSO, having 5.6 g Fe?* ions per litre and acidified with dilute H5SO,. After the 
completion of the reaction, 29.9 mL of 0.1N KMnO, were needed to oxidize the 


excess of Fe?* ions. Calculate 96 of available Cl, in bleaching powder. 


Hydrogen peroxide is rapidly reduced by Sn?*, the products being Sn^* and H50. 
Ilydrogen peroxide decomposed slowly at room temperature to produce 
O, and НО. Calculate the volume of О, produced at 20°C and 760 mm pressure 


when 100 g of 1096 by mass of Н,О, in water is treated with 50 mL of 2.0 M 


Sn^* and then the mixture is allowed to stand until no further reaction takes place. 


In acidic solution, Юз reacts with І to form 15. What will be the final concentration 
ol IO,, I. and 1, in a solution prepared by mixing 64.8 mL of 10 ~ M KIO, with 
152 mL of 6x 107 M KI? 


Calculate the mass of oxalic acid, H,C,0,-2H,0, which сап be oxidised to CO, 
Бу 100 ml. of an MnO, solution, 10 mL of which is capable of oxidising 50.0 mL 
of LOONT to L. 
MnO, + 8Н* + 5e^ —> Mn?* + 4H,0 
H,C,0, —> 2CO, + 2H* + 2e” 
2[ — 1, + 22 

A compound on analysis gave 73.4% Pb and 3.2% Н,О. 0.235 g of the substance 
when treated with an excess of KI solution acidified with НСІ, liberated 1, 
equivalent to 25 mL of N/20 Ма,5,О, solution. On igniting the substance a residue 
of PbO and Cr4O, was left behind. Calculate the per cent of Cr in the compound. 


The compound was insoluble in water but on digestion with Na;SO, solution gave 


strongly alkaline and yellow coloured solution with white precipitate. Derive the 
formula of compound. 


5S g of a copper alloy was dissolved in one litre of dil. H9SO,. 20 mL of this 


solution was titrated iodometrically and it required 20 mL of hypo solution. 20 mL 
of К,Сг,О, which contained 2.4 g/litre in presence of H5SO, and excess of КІ, 


required 30 ті, of the same hypo solution. Calculate the % purity of copper in the 
alloy. 


A solution of Na,S,0; is to be standardised by titrating against iodine liberated 
from standard KIO, solution. The later is made up by dissolving 2.03 g of KIO; 


in water and making up to 250 mL. 10.0 mL of this solution are then mixed with 
excess KI solution and the following reaction occurs: 


10, + 5I + 6H* — 3L, + 3H,0 
Fhe те «Шипр iodine is titrated with the Ма5-О; solution according to: 


1, + 25,027 — 217 + 5402" 


814 


16. 


17. 


18. 


19. 


21. 
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and it is found that 24.4 mL are needed. What is the molarity of the №,5,0; 
solution? 


Iodic acid reacts with an aqueous solution of sulphur dioxide according to the 
reaction: 
2HIO, + 550, + 4H,0 — 5Н,5О, + I, 


20 mL of a solution of iodic acid of unknown normality was allowed to react мій, & 
an excess of an aqueous solution of SO». The excess of SO, and I, formed were 


removed by heating the solution. For the remaining solution 35.5 mL of 0.16 N 
sodium hydroxide was used for neutralisation. Calculate the amount of НЮ, 


present in one litre of the solution. 
0.1 g sample of chromite was fused with excess of Na,O, and brought into solution 


according to reaction: 
2Fe(CrO,), + 73№а,О, —> 2NaFeO, + 4Na,CrO, + 2Ма,0 


The solution was acidified with dil. HCl and 1.2 g mohr salt (M. wt. 392) added. 
The excess of Fe?* required 24 mL of 0.05 N К,Сг,О, for titration. What is % of 
Cr in sample? 

А 1.0 g sample of KClO} was heated under such condition that a part of it 


decoraposed according to equation: 
2KCIO, —— 2КС1-30, 


and the remaining underwent a change according to the equation ч 
4KCIO, > ЗКСЮ, + KCI. If the amount of oxygen evolved was 146.8 mL at STP, | 


calculate the 95 by weight of KCIO, in residue. 


One litre of O, at STP was passed through ап ozonizer when the resulting volume 


was 888 mL at STP. This quantity of ozonized oxygen was passed through excess 
of KI solution. Calculate the weight of L, liberated. 


о, +2КІ + Н;0--> 2КОН + 1, + О, 
A mixture of 4.94 р of 85% риге phosphine, PH4, and 0.110 kg of 
CuSO,:5H50 (of molar mass 249.68 g/mol) is placed in a reaction vessel. 
(a) Balance the chemical equation for the reaction that takes place, given the 
skeletal form, 
(b) Calculate the mass (in grams) of Cu3P (of molar mass 252.56 g/mol) formed 


if a 6.31% yield were produced in the reaction. 
(c) Point out the limiting reagent. 


Chrome alum K5SO, Сг,(5О,), 24H50 is prepared by passing SO, gas througt; « 
an aqueous solution of К,Сг,О, acidified with dilute sulphuric acid till the 


reduction is complete. The alum is crystallised followed by filteration/centrifuga- 
tion. If only 9096 of thc alum cun be recovered from the above process. how much 
alum can be prepared from 10 Ку of K,CrO,. How many mole of clectrons supplied 


by SO, for reducing one mole ol К.Сг,Оу, 
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22. 


23. 


24. 


25. 


Oxygen, potassium chromate and Сг,О, are obtained by decomposing К,Сг,О-. 
Oxygen evolved reacted completely with 20.4 g of chromium. CrO, was obtained 
when potassium chromate is treated with conc. Н,5О, How much 
CrO; апа Сг,О, are obtained assuming the oxygen evolved is measured at STP. 
For complete oxidation of 60 mL of a ferrous sulphate solution with KMnO, in 
acid medium, the volume of 0.01 M КМпоО, required was 12 mL. What would 
have the volume of 0.01 M К,Сг,О, required for the same oxidation? 


А mixture KCrO} and KMnO; weighing 0.561 р was treated with excess of KI 
in acid medium. Iodine liberated required 100 mL of 0.15 N hypo solution for exact 
oxidation. What is the percentage of each in the mixture? Reactions involved are: 
2KMnO, + 8H5SO, + IOK] ——> 6K5SO, + 2MnSO, + 8H50 + 512 
К2Сг2О7 + 6KI + 7H3S04 ==» 4К5804 + Сг2($04)3 T 7Н:О + 312 5 
L * 2М 25203 ---» 2Nal + Ма25406 
О» liberated during decomposition of КМпО, and measured at 5ТР was all used 
for converting MnO, to К,МпО, in basic medium. Find the masses of КМпО, 
decomposed and К,МпО, produced, if 50 mL of KOH solution having a density 
of 1.2 g/cc containing 22% by mass of KOH is used for above conversion. 
[Mn = 55, К = 39] 
2КМпО, =) К,МпОцд T О; + МпО» 


MnO, + КОН + 105 —> KMnO; + НО 
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Answers 
1. (а) М/3, (b) M/10, (c) М/2, (d) M/3, (e) МА, (f) М/4, 
(œ) M/4, (h) M72, (i) M/8, (j) M/6 ; 
2. 0.11 mole 12: 3. |Fe*] 2 0.1 M, [MnOj] = 0.105 М; 
4. 54.05% ; 5. 58.3 litre ; 
6. 0.2494 р ; 7.6 ; 
8. 88.2% ; 9. 29.89% ; 
10. 2.33 litre ; 11. 226x 10^ M, 0, 126x10^ M ; 
12. 315 р; ‚ 13. PbCrO4-Pb(OH)2 ; 
14. 42% ; 15. 0093 М; 
16. 10 р litre! ; 17. 32.24% ; 
18. 49.83% ; 19. 2.54 р ; 
20. (a) 3CuSO,: 5820.) + 2PH; — СшРде) + 36250, + 5Н:Ору 
(b 2.33g, (с) PH; ; 
21. 30.55 kg, 6 М electrons ; 22. Сг,Оз = 61.98 р, CrO4-3923g; 
23. 10 mL 24. 43.65%, 56.35% 
25. 18.62 g КМпО,, 23.22 g K;3MnO4 


Ни. гт” Electrochemistry 


“ 


Chapter at а Glance 


Faraday's laws ог electrolysis 


1. 


2. 


w=Zxixt 
where w is amount discharged or deposited during the passage of i ampere current 
for ¢ second. 


+ = constant 
E 


Nernst equation for electrode potential 


3 


4. 


SIAM 


9. 


0,050 lo [O.S.] 
n 98015 
ома. а 58 0.059 10.5.) 
Epp = Ефр%-” 10210 IRS] 


Еор and Epp are oxidation and reduction electrode potentials respectively. Ер 








Eop = Ebp – 





and Евр are standard oxidation and reduction potentials respectively. [O.S.] is 
concentration of oxidised state and [R.S.] is concentration of reduced state. 

Eop = — Евр 

Ефр =- Erp 


. Есей = Eop + Epp 
. Breit = Ор + Ефр 


(i) Еър and Еор or one showing oxidation and Евр and Epp of other showing 


reduction. 
(ii) The electrode having more ог «уе Epp shows oxidation and the other shows 


reduction. 
ЕСГ/АВСИАв= EAg'/Ag* (0.059/1) log Ksp, а 
Кер is solubility product. 


10. —AG? = RT log, К = 2.303 RT Пор) К 


11. Е = 


0.059 
п 
К is equilibrium constant. 





logio K 


12. АН = nF [T(5E/8T)p – Е] 


AH is heat of reaction and | 52 temperature coefficient of e.m.f. of cell. 
p 


340 





> Problem 1. 


»- Problem 2. 


> Problem 3. 


» Problem 4. 


> Problem 5. 


» Problem 6. 


»- Problem 7. 


> Problem 8. 


> Problem 9. 


> Problem 10. 


> Problem 11. 


» Problem 12. 


»- Problem 13. 


> Problem 14. 


»- Problem 15. 


The Basic Problems with Solution 
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Write equations for the electrolysis of Сан, in fused state. 

How much electricity in terms of Faraday is required to produce : 
(a) 20.0 g of Ca from molten CaCl); 

(b) 40.0 g of Al from molten Al,03. 

How much electricity is required in coulomb for the oxidation of : 
(a) 1 mole of H5O to O»; (b) 1 mole of FeO to Fe,03. 
Calculate the number of electrons lost or gained during electrolysis of : 
(a) 2g Br ions, (b) 1g Си?” ions. 

A metal wire carries a current of 4 ampere. How many electrons pass 
through a point in the wire in one second? 

Calculate current strength in ampere required to deposit 10 р Zn in 2 
hrs. At. wt. of Zn = 65. 

How many hour are required for a current of 3.0 ampere to decompose 
18 g water. 

Calculate the Avogadro's number using the charge on the electron 
1.60 x 10-1? C and the fact that 96500 C deposits 107.9 р silver from 
its solution. 

Three electrolytic cells А, B, C containing solution of ZnSO4, AgNO; ` 
and CuSO,, respectively are connected in series. 4 steady current of 
1.5 ampere was passed through them until 1.45 g of silver deposited 
at the cathode of cell В. How long did the current flow? What mass 
of copper and of zinc were deposited? 

Calculate the volume of gases liberated at anode and cathode at NTP 
from the electrolysis of Na,SO,(aq.) solution by a current of 2 ampere 
passed for 10 minute. 

A solution of Ni(NO4); is electrolysed between platinum electrodes 
using a current of 5 ampere for 20 minute. What mass of Ni is deposited 
at the cathode? 

A current of 3.7 ampere is passed for 6 hrs. between Ni electrodes in 
0.5 litre of 2 M solution of NI(NO4);. What will be the molarity of 
solution at the end of electrolysis? 

A 100 watt, 110 volt incandescent lamp is connected in series with an 
electrolytic cell containing CdSO, solution. What weight of Cd will, . 
be deposited by current flowing for 10 hr.? At.wt. of Cd = 112.4 
Calculate the volume of Cl; at 27°С and 2 atm produced during 
electrolysis of MgCl, which produces 6.50 р Мр. 

(At. wt. of Mg = 24.3) 

A metal is known to form fluoride МЕ». When 10 ampere electricity 
is passed through a molten salt for 330 sec, 1.95 р metal is deposited. 
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» Problem 16. 


»- Problem 17. 


» Problem 18. 


> Problem 19. 


» Problem 20. 


» Problem 21. 


»- Problem 22. 


Find out the atomic weight of metal. What will be the quantity of 

charge required to deposit the same mass of Cu from CuSO, (ад). 

(At. wt. of Cu = 63.6) 

Same quantity of charge is being used to liberate iodine (at anode) 

and a metal M (at cathode). The mass of metal M liberated is 0.617 g 

and the liberated iodine is completely reduced by 46.3 mL of 0.124 M 

sodium thio-sulphate. Calculate equivalent weight of metal. Also 

calculate the total time to bring this change if 10 ampere current passed 

through solution of metal iodide. 

A current of 2.0 ampere is passed for 5.0 hour through a molten tin 

salt to deposit 22.2 g tin. What is the oxidation state of tin in salt. 

Atomic wt. of Sn 118.69 р. 

Calculate the number of kw-h of electricity is necessary to produce 

1.0 metric ton (1000 kg) of aluminium by the Hall process in a cell 

operating at 15.0 V. 

How long a current of 3 ampere has to be passed through a solution of 

AgNO; to coat a metal surface of 80 cm? with a thickness of 0.005 

mm? Density of Ag is 10.5 g cm 2 

Write the nernst equation and e.m.f. of the following cells at 298 K : 

(a) Мр(5) | Mg^* (0.001 M) | Си? (0.0001 M) | Cu(s) 

(b) Fe(s) | Fe?* (0.001 M) | HÌ (1 M) | Не) (1 bar) | Pt(s) 

(c) Sn(s) | Sn?* (0.050 M) | H* (0.020 M) | H,(g) (1 bar) | Pt(s) 

(d) Pt(s) | Вгу(1) | Вг(0.010 M) || H *(0.030 M) | Неј] bar) | Pt(s) 

Given : E°op Mg = 2.36 V, E°op Cu = — 0.34 V, E?op Fe = 0.44 V, 
E?gpSn = 0.14 V апа Ёр Вг, = — 1.09 V respectively. 

Calculate e.m.f. of half cells given below : 


Pt, T 
(а) 4 atm 


Н,50, 
0.02 М 





E°op = ОМ 


Fe|FeSO, 


(b) 02M 


E°op = 0.44 V 





на! 
0.02 M 


Pta, 


© т. E*op = -1.36 V 





For the cell : 


2+ 
Сиш. 


2М 


2- 
пд. 


1M Cu 


Zn 














Calculate the values for ; 
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(a) cell reaction, 
(b) ЁС сеп , 
(с) Еш 
(d) the minimum concentration of Си?” at which cell reaction is 
spontaneous if Zn?* is 1 M, 
(e) does the displacement of Cu goes almost to completion. 
1 . о =+ 
Given: Ё ВРСа2 Са 0.35 У 


E^ np, Zn --076У 


> Problem 23. Calculate the pH of the following half cells solutions and also the 
molarity of acids : 





Pty, |H;SO, 
WM Es E -005 V 

Pty, [HCI in 
ее E =01 У 





> Problem 24. The e.m.f. of a cell corresponding to the reaction : 
Zn(s)'+ 2H*(aq) — 207 + НД) 
(0.1M) (1 atm) 


is 0.28 V at 25°C and E. - 0.76 V. 


2:/2077 
(i) Write half cell reactions. 
(ii) Calculate pH of the solution at H electrode. | 
> Problem 25. The em.f. of the cell M | М" (0.02 M) | H' (1M) Нь (g (1 atm) Pt at 
25°C is 0.81 V. Calculate the valence of metal if Е, ли = 0.76 V. 
> Problem 26. The e.m.f. of cell Ag | Ag, 0.05 M КТ | 0.05 М AgNO; | Ag is 
0.788 V. Calculate solubility product of Agl. . 


> Problem 27. E? of some oxidants are given as : 


I, +2е — 21" E? = + 0.54 V 
MnO, + 8Н* + 5e —> Мп?* + 49,0 Е=+1.52 У 
Fe + e ——> Fe” E° =+ 0.77 V 

807 + 2e — Sn” E =+ 0.1 V 


(a) Select the strongest reductant and oxidant in these. 

(b) Select the weakest reductant and oxidant in these. 

(c) Select the spontaneous reaction from the changes given below : 
G) 5” + 2Fe** — Sn + 2re?* 


(ii) 2Fe + 1, — 2Fe** + 217 


е 
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» Problem 28. 


» Problem 29. 


» Problem 30. 


(iii) Sn** + 217 ——> Sn +1, 

(iv) Sn?* + I, ——> Sn* + 217 

Given the standard electrode potentials; 

КҮК = -2.93 V, Ар//Ар = 0.80 V, Hg^'/Hg = 0.79 V, 
Ма Мр = -2.37 V, Cr'/Cr--0.74 V. 

Arrange these metals in their increasing order of reducing power. 
Two metals А and B have E°pp = +0.76 V and -0.80 V respectively. 
Which will liberate Н, from H,SO4? 

Calculate the standard cell potentials of galvanic cell in which the 
following reactions take place : 

(Given E°op Cr, Cd, Ее?*, Ag are 0.74 V, 0.40 V, — 0.77 V and 
— 0.80 V respectively) 


(a) 2Cr + 3Cd Pa) Э 2er а) + 3Cd 


24 + 3+ 
(b) Ғе (4) + AB а) 77 Бе (аа) + AB) 
Calculate the AG? and equilibrium constant of the reactions. 


> 
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28. 
30. 
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Answers 





See solution; 2. (а)ІЕ, (D 4.44 Е; 
(а) 2 Е, (b) 1 F; 

(a) 1.51 х 1022 electrons lost, (b) 1.89 х 1022 electrons gained; 
2.5 x 1079 electrons; 6. 4.12ampere; 

17.87 hr; 8. 6.03х 1023 electrons; 
14.4 minute, Zn — 0.437 g, Cu - 0.427 g; 

0.0696 litre О», 0.139 litre H3; 11. 1.825g; 


2M; 13. 19.062; 

3.29 litre; 15. 5917.45 coulomb; 
107.47, 55.4 second; 17. +2; 

4.47 х 10 kw-h; `. 19. 125.09 sec.; 


(a) 2.67 V, (b) 0.53 V, (c) 0.08 V, (d) -1.06 V; 

(a) 40.100 V, (b) 0.5606 V, (c) -1.49 V; 

(a) See solution, (b) 1.1 V, (c) 1.109 V, (d)» 5.13 х 1078, (е) уез; 
(а) pH = 0.8475, 0.071 М; (b) pH = 1.6949, 0.020 M; 

РН = 8.635 ; 25: 2: 

1.10 х 10715, 

(a) Strongest reductant = Ѕп2*, weakest oxidant = 5“, 


(b) Strongest oxidant = Мпо, , weakest reductant = Мп”, 


(с) (i) non-spontaneous, (ii) non-spontaneous, 
(iii) non-spontaneous, (iv) spontaneous; 
Ag«Hg«Cr«Mg«K; 29. B will liberate Н, Кот H,SO,; 


(a) 3.17 x 1034, (b) 3.22 
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Solutions 
Solution 1. At cathode : Са” + 2е — Ca; 
Al anode : 2H ^ — Н, + 2е 
a 
i.t 
Solution 2. (a) (w/E) Eq. of Ca = 96500 
2+ 40 
(Ca^ + 2е —— Са) г. Eq. wt. of Ca = б. 
20 it 


4072 96500 
о! it~ 1 96500 =1Е 


(9) Га. of Al = 96500 


(бе + Al" ——> 2А) ~. Eq.wt. of Al “612 


40 it 
27/3 96500 





ог 


: 120 
ё or іш 27 х 96500 - 4.44 Е 


~ m. 
coniun \. (а) Eq. of HO = GEN 


І mole НО = 2 eq. 
Мн.о 
[20 —> 4H' + де + О „. іңо---1 
27 
796500 
it -96500x2C-2F 
i.t 


96500 








(b) Eq. of FeO = 


[2Fe?* — Fej 4260 Ego = Мо] 


Valence factor for FeO = 1 
гада 
~ 96500 
Lt = 96500 С = ТЕ 


ог 
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? 


Solution 4. (a) Eq. of Br used = m for2Br —— Br, +2е 


1 eq. of an element involve = | Faraday charge 
= 6.023 x 1023 electrons 


2 23 
2 ээс _ 6.023 х10 x2 
zg 99 of Br involve = т 


= 1.51 х 102? electrons lost 
(5) Similarly, calculate for Си +2е ——» Cu 
No. of electrons gained = 1.89 х 1022 
Solution 5. Total charge passed т 1 sec. =4 x 1 = 4 coulomb , (^ О-іхр 
1 Faraday or 96500 C current carried by = 6.023 x 10? electrons 





6.023 x 10? x4 
96500 
= 2.5 x 10! electrons 


4 coulomb current carried by = 











! IE — ÀJ 96500 x w © Zn^ + 2e— 2 Zn 
Solution 6. `- "-5650 ^'^ Er | poA м. _ 65 
ha Be : 2 


__ 96500х10х2 
1= 65x2x60x60 





— 4.12 ampere 


2H* + 2e—>H, 


Solution 7. НО —> H, + %0, ОТ 0, + 2e 


it 
Eq. of H,O = 96500 
Equivalent weight of H,O = 18/2 as two electrons are used for 1 mole 
Н,О to decompose in H; and О.. 
18 3xt 


18/2 96500 
t = 64333.3 sec = 1072.2 minute = 17.87 hr 


Solution 8. ' 96500 coulomb deposits 107.9 g Ag or Eg Ag or A р Ар, where Е 


and A are equivalent weight and atomic weight of Ag respectively. 
E = A because Ag is monovalent. Thus 96500 coulomb charge means 
charge on N electrons where N in Av. no. 
Thus N x e= 96500 
96500 
~ 160x107? 





= 6.03 х 1073 electrons 
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Solution 9. 


Solution 11. 
== 


Solution 10. 


| 108 
(Ag +e —> Ag - Ё„=——) 


i.t 
Eq. of Zn = Eq. of Cu = Eq. of Ag = 96500 


1.45 ” 1.5 хЕ 
"n 108/1 96500 


t = 864 sec = 14.4 min 





2+ 4 65 
(Zn* + 2e > Zn. Қаз) 
Eno umm = 26 = 00134 
Мом Т 90500 
65х 0.0134 
ии = 0.437 g 


T 63.6 
(Gut 22e ==> Си, Ёсу-750) 


Also Eq. of Cu = 0.0134 


0.0134 x 63.6 
Mar = Te oa а 0.427 g 
At cathode: = 2H,0+ 2e — H,+20H™ 
At anode : 29,0 --» 4Н' +42 + 0; 
32 
At mode Ев, ш мал 8 
_ Eit. _ 32x2x10x60 = 0.0995 
"о; 7 96500 — 4x96500 шад 
0.0995х 22.4 
A! NTP: УоїшлеоёО,- жы = 0.0696 litre 
Елі. 2х2х10х60 
Similarly at enthodew, = 96500 ^ 2>96500 = 0.0124 5 
E 0.0124 x 224 
AUNTP :. Volume of H,= — — — = 0.139 litre 
Et 5x20x60 
гц. of Ni deposited = 735500 ^ 96500 2 0.0622 
or wyi = 0.0622 x 58.71/2 = 1.825 g 
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(Ni? + 2e —— Ni) 
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Solution 12. Тһе electrolysis of Ni(NO3), in presence of Ni electrode will bring in 











following changes: 
At anode : Ni — Ni?* + 2e 
Atcathode: - Ni? + 2е — Ni 
Eq. of Ni2* formed = Eq. of Ni?* lost 
Thus, there will be no change in сопс. of Ni(NO3), solution during 
electrolysis i.e., 
It will remain 2 M. 
Solution 13 С t St pura UO bib 
olution 13. urrent Strength — Volt ID ~ ampere 
: 1124 4: 
Given, t= 10x 60 х 60 sec., Ec47 37 (Са“ + 2e —— Cd) 
т ЕЧ: 
W = 96500 
112.4 х 0.909 x 10 x 60 x 60 
T 2 x 96500 
= 19.06 р 
Solution 14. Atcathode: Mg” + 2е —9 Mg 
_ At anode: 2СГ --> Cl,+2e 
” Equivalent of Mg formed at cathode = Equivalent of Cl, formed at 
anode 
6.5 Wo, 
24.3/2 35.5 
At NTP, py- = RT 
18.99 
2xV= 71 х 0.0821 х 300 
Volume of СІ, = 3.29 litre 
it 
Solution 15. Eq. of metal = 96500 (i= 10 ampere, / = 330 sec.) 
195 10x 330 
E 96500 
Е metal т 57.0 
At. wt. of metal = 57.0 x 2 (metal is bivalent as salt is MF) 
= [14.0 


Also, if Woy = 1.95 р, then 
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ЕОс d 


1.95 4 i.t 
9 636/2 96500 
it. = О = 5917.45 coulomb 
a 
Solution 16. Eq. of metal = Eq. of iodine = Eq. of hypo = и 


0617 463 


пабе |, et 


[Рог hypo : 28,032 — S,047 +2е; Е = р 
Е = 107.47 


Also, оз = 1000 
t= 55.4 second 





x0.124 x | 





if 
*olution 17. Eq. of tin 96500 
4 222 _ 2х5х60х60 
Е 96500 
Еһ = 59.5 


А 118.69 
Valence оГ tin = = = 2 (an integer) 


ил Sn?! + 22 — Sn ог tin is м +2 oxidation state. 


Solution 18. АР" + За. —À А! 





21 
"Е 96500 


х 3 х 
_ 1000 ios 96500 [Eq =27/3] 
i.t 107.22 х 105 ampere-sec or coulomb 
E = Coulomb х volt = 107.22 х 10° х 15,0 = 1.61 x 10!! J-sec 
or E=1.61 x 10! ! watt-sec 
1.61x 10!! 1 

= TOIT * 3600 kw-hr 

4.47 x 10* kw-h 


Solution 19. Given, г 3 ampere 
Also Volume covered by Ag = 80 х 0.005 x 107! cm? = 0.04 cm? 


ЈА 
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Weight of Ag used = 0.04 x 10.5 g 


Eit. 
“Ав” 96500 


ТТ 108х3х/ 
х =a 3622 ү 
: à 96500 


t= 125.09 sec. 


| MER К , 9059, (Си? 1 
Solution 20. (а) Cell 5 ОРмумр“ 7 2 RPCut*/cu 2 8 ма) 
= 2.36 + 0.34 + ———1 107 бу 
mom OF ЕЕ Е 





ЭН , 0059) [H+] 
(0) Eca- оврын + ERP * 2 БІН, ре] 





n 0.059 (psv 
танай! ган EGO) У 





л Wes , 0059, ИЕ 
(<) Еса- ор, s + RP Ht He 2 9 (pi )x[Sn?*] 


0.059 (002)? 
– 014 +0 + 5059 top 002) 2008 v 
0.14 +08 сов s 


0.059 [HT 
(d) Ecen Xs ЁС орр уг” у ERP цэн, y 2 log (Ра, )х [Br P 


0059 (003) 
=–1.09 + 0 + 2 log 1х (0.01)? =-1.06 V 





Solution 21. (a) Hj ——> 2Н* + 2e 





0059 [н?р 
Еор = Ер - 2 ти ІН” = 0.02 x 2M] 
2 


ln 0.059 (0.02 x 2)? 
mc Tc ” ere | 


КОРЫН — 4 0.100 V 


(b) Fe ——> Fe?” + 2e 





Eop = Ер у 


ІЛІСТНОСНЕМІӨТНҮ 2351 





0.059 
= 0.44 — > log [0.2] 
Орле? = + 0.4606 volt 
(с) 2C —> Cl, + 2e 
0059 Pa 
ыг Eop = E'op- 7 ~ 108 [СЕР 
0.059 10 
1.36 2 198 002) 
Кор, rit 1.49 volt 
Solution 72. (и) Kop for Cu/Cu?t = — 0.35 V 


-— и 


Loy for Zi/Zn?' = +0.76 V 
Mare is Lop more is tendency to show oxidation and thus Zn will 
oxidize and Cu?! will reduce. 
Anode : Zn —> Zn" + ге 
Cathode : Си? + 2e — Cu 


Cell reaction : Zn + Cu) —> 712" + Cu 
(b) Also, Ecen = E°op, 2+ + Еврос = 0.76 + 0.35 = 1.1 У 











“ 
(с) Also, — Ecen = E^, as Ere 
= 0.059 55 
қ all p" or Zun tT log [Zn? "T+ E Reou 2*ca* 2 — > log [Cu* ] 
| ( 0059 (си) 
ің oll L ОР дунд! "m РС, са + 2 log [Zn?*] 
0.059 2 
0.76 + 0.35 + log 1 
Кан" 1.109 V 
t) Al Есе = 1.1 + 299, ior 
(4) чо, Cell ы 2 og [Zn x 
Thus if Ecen is +ve.for [2127] = 1 
0059, [Си?+ 
* 9059 to 5,5704 >-1.1 


“5 [21] 


[Cu] _ 11х2 


ш ЮВ уд) 7 0059 


> -37.29 
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24 
or log 1-4 »-37.29 


ог [Cu*] > 5.13 x 10738 
(e) Yes, the displacement almost goes to completion. 


Solution 23. (а) Н, ——> 2Н* + 2e 


0059. [H'] 
tomas Ба лол ос 
ОРН/Н ОРЫН 2 в Ра, 
0059 [H+]? 
0.05 =0 – жү”, log |. 
~ log [Н*] = 0.8475 
pH = 0.8475 
[H^] = 0.1420 M 


Molarity of HSO, = И[Н*] 
= 6 х 0.1420 = 0.071 M 


m" Solve accordingly : pH = = 1.6949 
[H*}= 0. 020 M 
: Molarity of НС! = [H*] = 0.020 M 
No change in calculation if any strong acid producing H* is given. 


Solution 24. (i) Anode : Zn —> Zn? + де 


Cathode : 2H! + 2е —> Н, 

















(ii) Е.а = Eop;, - == log[Zn?*] + Epp чыт 
0.059 н?р 
m Ем- EOP 5 404 —— 2 lo нет 
0.28 = 0.76 +0059 ing HT 
01х 1 
or _ Пор my | 5-3 FU 
or ко = 5.3556 x 1077 


ог [Н+] = 2.3142 х 107 
pH = -log [H*] = 8.635 
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Solution 25. 





Solution 26, 


Solution 27, 


4 0.059 қүт 0059 [нү 
OP уме" DAS log | М” | Евр үн, t ~ ж "Ep, ба 


0.059 [^r 


0.76 + log ШЫСЫ 


)059- ur 


( 
Өн! 076 ! iog 117210971 


o ned 


Кур of Agl = [Ag'] [Г] = [Ав [0.05] 
l'or piven cell 
қ ‘ell қ PAg + Ёврд, К 5 (1) 


| 0.059 ! 00902 
Крум | OBTAS н. “Ёкрдуудд | ЮЕГАВ IRHS. 


_ 0059 (Ав Iris җе: к 1 
ба! 4 А ОР ‚ = Р, 
[Ав lius. | мн | 
0.05 
0.788 = Пор, 
[^g hus 


[^g'].ns. = 2.203 x 1075 
Ву ец, (1) Ка = [2.203 x 10755] [0.05] 


-16 
Коли = 1.10 10 


(а) More or ! ve the E°op, more is the tendency for oxidation or stronger 
is reductant. Therefore, since maximum E?op stands for : 


Sn? — Sn + 2e E°op = -0.1 V 
strongest reductant : Sn?* 
nnd weakest oxidant: Sn‘ 


(b) More or +ve is E°pp, more is the tendency for reduction or stronger 
is oxidant. Therefore, since maximum ЕЗрр stands for : 


MnO, + 8H* + 5e —> Mn** АҢО Ерр= + 1.52 У 
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Solution 28. 


Solution 29. 
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strongest oxidant : MnO, 
and weakest reductant : Mn?" 


Note: Stronger is oxidant, weaker is its conjugate reductant and vice-versa. 


ч Ее?* oxidizes and Sn^* reduces іп change. 
Есе =- 0.67 У 
E?cq is negative. 
(i) Is non-spontaneous change. 


For (ii) Бесе = E oppere» + E RP 
= – 0.77 + 0.54 = – 0.23 У 
(ii) Is non-spontaneous change. 
For (üii) Ғса- Ғов-д, + Евре едн 
== 0.54 + 0.1 =-0.44 У 
(iii) Is non-spontaneous change. 
For (iv) Е, Cell ^ E? ОР п2+/$пќ+ + E RP- 
= – 0.1 +0.54 = + 0.44 У 
(iv) Is spontaneous change. 
More is E°pp, more is the tendency to get reduced or more is the oxidising 


power or lesser is reducing power. 
Ag < Hg Cr < Mg < К 


Given, ForA А" + пе — A E?gp = +0.76V 
For B B" + пе —> B Е°рр = -0.80 V 
We have, for H H' + e — ИН, E?gp = 0 


Now coupling А with H5SO, : 
24 + пН,50, — АХ80,), + nH, 
E” cell = Ер + Е? рр =-0.76 + 0.0 =-0.76 У 
Since Е? is “уе, 
Reaction 24 + nH,SO, —— 4:80,),4Н, is non-spontaneous 
A will not liberate Н, from H,SO, 
Now coupling В with H,SO, 
2B + 18504 Tm Вх(50,), + nH, 
Ecen 2 Popa ar Е?ррн = +0.80 +0 = +0.80 
Since E? is “ме; 
2B + nH,SO, —— B,(SO,), + nH, 
Reaction will be spontaneous. 
B will liberate Н, from H5SO,. 
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Solutton 30. (а) Есад = Еол о + Ер 2+ ry 
[2Cr ——> 2Cr* + бе; 3Cd^ + бе —> 3Cd] 
= 0.74 + (0.40) = +0.34 V 
Six electrons (n = 6) are used in redox change. 


а —AG? = nE°F = 6 х 0.34 х 96500 J = 196860 J 
ог A,G? = -196.86 kJ 
Also -AG? = 2.303 RT log К 
196860 = 2.303 x 8.314 х 298 log К 
К" 3.17 x 107 
(h) сарт ораз, + ERP Agag 


[Fet — > re?* +e; Ag +e — Ар] 


=-0.77 + 0.80 = 0.03 V 


Also -A,G° = s&*F = 1 х 0.03 x 96500 
or A,G? = -2895 J 
Also -A,G? = 2.303 RT log К 
2895 = 2.303 x 8.314 х 298 log К 
K=3.22 
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> Problem 1. 


». Problem 2. 


» Problem 3. 


>» Problem 4. 


> Problem 5. 


» Problem 6. 


» Problem 7. 


» Problem 8. 
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Selected Problems with Solutions 


A current of 0.5 A is passed through acidulated water for 30 minute. 
Calculate weight of Но and О; evolved. Also calculate the volume of 
О» produced at 25°С and 760 mm of Hg if the gas 15: 

(a) dry 

(b) saturated. with water vapour (aqueous tension is 23.0 mm at 25?C). 
Find the volume of gases evolved by passing 0.965. A current for 1 hr 
through an aqueous solution of CH3COONa at 25°С and | atm. 

A copper cell containing 5% solution of CuSO; · 5Н2О and a silver cell 
containing a 2% solution of AgNO; by. weight are connected in series. 
A current of 0.01 ampere was passed through the cells for 30 minute. 
What was the ratio of mass of Cu and Ag deposited at the cathode of 
cell. At. wt. of Cu and Ag are 63.6 and 108 respectively. 

Calculate the mass of benzene that would be required to produce a 
current of one ampere (Assume current efficiency 5096) for three hours 
from the following data: 


сене 20,- 6СО, + ЗНО 


Same quantity of electricity being used to liberate iodine (at anode ) and 
a metal x (at cathode). The mass of x liberated at cathode is 0.617 g and 
the liberated iodine completely reduced by 46.3 mL of 0.124 M sodium 
thio-sulphate solution. What is equivalent weight of metal. 


A test for complete removal of Си?” ions from a solution of Си (aq.) 
is to add NH3(aq.). A blue colour signifies the formation of complex 
[Cu(NH34]?* having Аз = 1.1 x 1013 and thus confirms the presence of 


Си?” in solution. 250 mL of 0.1 М CuSO,(aq.) is electrolysed by passing 
a current of 3.512 ampere for 1368 second. After passage of this charge 
sufficient quantity of NH3(aq.) is added to electrolysed solution main- 
taining [NH3] = 0.10 M. If [Cu(NH3)4]** is detectable upto its con- 


centration as low as 1 x 107°, would a blue colour be shown by the 
electrolysed solution on addition of NH3. 


A Zn rod weighing 25 g was kept in 100 mL of 1 М CuSO; solution. 
After a certain time the molarity of Си?" in solution was 0.8. What was 
molarity of 8017 What was the weight of Zn rod after cleaning? At. 
weight of Zn = 65.4. 


Assume that impure copper contains only Fe, Au and Ag as impurities. 
After passage of 140 ampere for 482.5 sec, the mass of anode decreased 
by 22.260 g and the cathode increased in mass by 22.011 g. Calculate 
the percentage of iron and percentage of copper originally present. 


vi 
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Problem 9. 


"тони 1%. 


50 mL of 0.1 M CuSO; solution is electrolysed using Pt electrodes with 
a current of 0.965 ampere for a period of 1 minute. Assuming that 
volume of solution does not change during electrolysis, calculate 
(Си Ч, ІН] and [5057] after electrolysis. What will Бе the concentra- 
поп of each species if current is passed using Cu electrodes? 
Au oxide of metal (at. wt. = 112) contains 12.5% О» by weight. The 
oxide was converted into chloride by treatment with HCl and 
clectrolysed. Calculate the amount of metal that would be deposited at 
cathode il а current of 0.965 ampere was passed for a period of 5 hr. 
What is valency of metal? 
198 fused SnClo was electrolysed using inert electrodes. 0.119 р Sn was 
deposited at cathode. IF nothing was given out during electrolysis, 
vuleulate the tatio of weight of SnCly and SnCl, in fused state after 
electrolysis (ut. wt Sn = 119). 
A lcd storage cell is discharged which causes the H2SO, electrolyte to 
change from а concentration of 34.6% by weight 
(density 1.261 g mL! at 25°С) to one of 27% by weight. The original 
volume of clectrolyte is one litre. How many faraday have left the anode 
ol battery? Note the water is produced by the cell reaction as H2SO, is 
used up. Over all reaction is: 

Pb + PbO? + 2H5S04 (yr 2PbSO, (s) * 2Н:О 
Two litre solution of a buffer mixture containing 1.0 М МаН»РОцд and 
1.0 M Ni HPO; is placed in two compartments (one litre in each) of an 
electrolytic cell, The platinum electrodes are inserted in each compart- 
тен and 1.25 ampere current is passed for 212 minute. Assuming 
clictiolysis of water only at each compartment. What will be pH in each 
compurtincut after passage of above charge? pK, for H2POq = 2.15. 
A current of 40 microampere is passed through a solution of AgNO3 for 
82 minute using Pt electrodes. An uniform single atom thick layer of Ag 
15 deposited covering 43% cathode surface. What is the total surface area 
ol cathode if each Ag atom covers 5.4 x 10719 cm? 
Suppose a fully charged battery contains 1.50 litre of 5.0 M H59SO4. What 
will be the concentration of H2SO, left in battery after 2.50 ampere 
curtent is drawn from the battery for 6.0 hours. Assume volume of 
solution remains constant. 
In an analytical determination of arsenic, a solution containing arsenious 
acid, H3AsO4. KI and a small amount of starch is electrolysed. The 
electrolysis produces free 1» from I ion and the 1; immediately oxidises 
the arsenious acid to hydrogen arsenate ion, HAsO; , 


хаа) t ИЈАЗО Хад) 3 H200) = 21 (aq) + НА$О д) + 4H(ag) 
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> Problem 17. 


> Problem 18. 


> Problem 19. 


» Problem 20. 


» Problem 21. 


» Problem 22. 


» Problem 23. 


> Problem 24. 


NUMERICAL PHYSICAL CHEMISTE Y 


When the oxidation of arsenic is complete, the frec iodine combines with 
the starch to give a deep blue colour. If during a particular run, it takes 
65.3 s for a current of 10.5 mA to give an end point (indicated by the 
blue colour), how many grams of arsenic and НзА$Оз are present in the 
solution. (As = 75)? 
The half cell potentials of a half се! AU * "+, A** | Pt were found to 
be as follows: 
% of reduced form 244 48.8 
Half cell potential (V) 0.101 0.115 
Determine the value of n. 
Find the e.m.f. of the following cell at 18?C taking the degree of 
dissociation of 0.2 N AgNO; and 0.05 AgNO; solution as 0.75 апа 0.95 
respectively. 

Ар [0.2 М AgNO4||0.05 AgNO3 | Ag 


If NO3 ——— NO, (acid medium) ; E? = 0.790 V 
and | NO4 ———» МН,ОН (acid medium) ; E? = 0.731 V 
At what рН the above two half reactions will have same E values. 
Assume the concentrations of all other species be unity. 
If it is desired to construct the following voltaic cell to have 
Есеп = 0.0860 V, what [СГ] must be present in the cathodic half cell to 
achieve the desired e.m.f. Given Кер of AgCI апа Agl are 1.8 х 10719 
and 8.5 х 10777 respectively? 

Ag(s) | Ав” [Sat. Agl(aq.) ] | Ag” [Sat. AgCI - хМСГ | Ав(8)| 
The e.m.f. of the cell obtained by combining Zn and Cu electrodes of a 
Daniel cell with М calomel electrodes are 1.083 V and - 0.018 V 
respectively at 25?C. If the potential of N calomel electrode is 
— 0.28 V, find e.m.f. of Daniel cell. 
Calculate the potential of an indicator electrode versus the standard 
hydrogen electrode, which originally contained 0.1 M MnO4 and 


0.8 M H* and which was treated with Ее?” necessary to reduce 90% of 
MnO; to Мп?*. Еџломма“ = 1.51 V. 


An electrode is prepared by dipping a silver strip into a solution saturated 
with AgSCN and containing 0.10 M SCN . The e.m.f. of voltaic cell 
constructed by connecting this, as the cathode, to the standard hydrogen 
half-cell as anode was found to be 0.45 V. What is the solubility product 
of AgSCN. Given EAg'/Ag = 0.80 V. 


Calculate the minimum weight of NaOH required to be added in R.H.S. 


to consume all the H* present in R.H.S. of cell of e.m.f. + 0.701 V at 
25°С before its use. Also report the e.m.f. of cell after addition of NaOH. 
Zn |Zn^* li Put y 


Фин?" = + 0.760 У , 
ӨТТ ны дүү ады 
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> Problem 25. 


v 


Problem 26. 


Тень 29, 


Problem 10. 


аћ чи 33. 


Problem . 


~ 
~ 


~ 
> 


4. 


Consider the cell Ав | AgBr, Вг I| AgCl), CI | Ag at 25°C. Тһе 
solubility product of AgCl and АвВг are 1x 1079 and 5х 1077 


respectively. For what ratio of the concentrations of Вг and СГ ions 
would the e.m.f. of the cell be zero. 


Calculate the half cell potential of a reaction Ag,S + 2e —> 2Ag + ge 
in a solution buffered at pH = 3 and also saturated with 0.1 M H5S. Kj 


and Кә for Н;5 are 10 and 11x10? respectively, 
Кур. 2X 1077, Ehg'/ag = 0.8 У. 


The standard electrode potentials are for the following reactions: 
Ре o Fe" (ag) 2e ; EB? =048V 
сре Cr (ад) ; Бо =- 0.41 V 
Пав сал ol Pe(s) is added to а solution in which ІСІ? = ]M, what will 
be пихи value of |Fe?*] when equilibrium is attained at 298 K. 
The p&p of Agl is 16.07. If the E? value for Ag*/Ag is 0.7991 V, find 


the 77 for half cell reaction: Agli) e —9 Ag T. 
Піс can F. of cell Zn | 2150, || CuSO, | Cu at 25°C is 0.03 V and the 


temperature coefficient of e.m.f. is – 1.4 х 10^ v per degree. Calculate 
інін of reaction for the change taking place inside the cell. 
ЕМЕ diagram for some ions is given as: 
К «4220 V a. E°=+0.77V 2. Е=-0.445 V 

› Ее » Ее » 





ЕТЕУ re? 


Liteinime the value of Eg; o? уже. 


For the cell М, | Mela) 








| Aq) Ag(s) calculate the equilibrium 


constant at 25°С and the maximum work that can be obtained during 
operation of cell. Given, 


Емумр“ =+2.37У апа Ел Ав = + 0.80V, к= 8.3147 
Fhe standard reduction potential of Еъз+в; and Ес, 2 су аге 0.226 V 
aml 0.444 У respectively. A mixture of salts of Bi and Cu at unit 


concentration each is electrolysed at 25°С. To what value can Си” be 
brought down before bismuth starts to deposit during electrolysis. 


Show that the potentials are additive for the process in which half 
reactions are added to yield an overall reaction but they are not additive 
when added to yield a third half reaction. 
The seduction potential diagram for Cu in acid solution is: 
* 0.15 volt « +0.50 volt 
шары, са. yp 
E? = X volt 


Calculate X. Does Cu* disproportionate in solution? 
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» Problem 35. 


> Problem 36. 


» Problem 37. 


» Problem 38. 


» Problem 39. 


» Problem 40. 


> Problem 41. 


NUMERICAL PHYSICAL CHEMISTRY 


An alloy weighing 1.05 g of Pb — Ag was dissolved in desired amount 
of HNO; and the volume was made 350 mL. Ап Ag electrode was dipped 
in solution and Е, „п of the cell РЕН; | Н? || Ag*| Ag was 0.503V at 298K. 
Тат 1M 
Calculate the percentage of lead in alloy. Given Ёде ди = 0.80 V. 
The following galvanic cell was 
Zn Zn (МО) аа) Cu(NO3)o(ag) 

100 mL, I M | (100 mL, 1 M 
operated as an electrolytic cel] using Cu as anode and Zn as cathode. A 
current of 0.48 ampere was passed for 10 hour and then the cell was 
allowed to function as galvanic cell. What would be the e.m.f of the cell 
at 25°C? Assume that the only electrode reactions occurring were those 
involving сиса?” and 'Zmn/Zn^?'. Given Еби си = + 0.34 V 
and Ер та = — 0.76 V. 


At 25°С, the free energy of formation of H20) is –56700 cal/mol while 


that of its ionisation to H* and ОН“ is 19050 cal тој“'. What is the 
e.m.f. of cell at 25°С. 

Peroxodisulphate salts (e.g., Na?S20g) are strong oxidising agents used 
as bleaching agents for fats, oils and fabrics. Can oxygen gas oxidise 


Cu 











sulphate ion to peroxodisulphate ion (8:О6 ) in acidic solution, with the 
О» (р) being reduced to water? 
Given O»(g) + АН (ад) 4e —— 2Н:О : E? = 1.23 У 
5:05 (aq) +2е ——> 25057 (aq) ; Е?-201У 
When silver chloride is dissolved. т a large excess of ammonia, 
practically all silver ion can be assumed to exist in form of a single ionic 
species [Ар (МН). Compute the values of x and y using the 
following two cells. 
(a) Ag| 0.4 x 10° M AgCI, IM NH; | |40 x 107° MAgCI, ІМ МН: | Ag 
Есеп = 0.1185 V at 298 К 
(b) Ag| 3х 107 М AgCI, IM NH3| | 3.0 х 10? M AgCI, 0.1M МН: | Ag 
Есеп = 0.1263 V at 298 K. 
Dissociation constant for Ag(NH3)5 into Ар” and МН, is бх 10714 
Calculate E? for the half reaction, 
Ag(NH3)5 +е— > Ag + 2NH3 
Given, Ag’ + e —o Ag has E? = 0.799 У. 
Estimate the cell potential of a Daniel cell having 1.0 M Zn^* and 


originally having 1.0 M Си?” after sufficient ammonia has been added 
to the cathode compartment to make the NH3 concentration 2.0 M. Given 


EX yr! and Есиси”“ аге 0.76 and - 0.34 У respectively. Also equi 


librium constant for the [Cu(NH T" fonnalion is EX 0!” 


ГІ 
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> Problem 43. 
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‘Two weak acid solutions HA, and HA» each with the same concentration 
and having pKa values 3 and 5 are placed in contact with hydrogen 
electrode (1 atm, 25?C) and are interconnected through a salt bridge. 
Find. c.m.f. of cell. 


Calculate the e.m.f. of cell 
Pty, | СН,СООН| |NH,OH 
lam| 01М | 0.01 M | тат 

K, lor СНАСООН = 1.8 x 10 7, Къ for NH4OH = 1.8 x 10°”. 


Pty, 











Calculate the depree of hydrolysis and hydrolysis constant of M/32 
моћи он or лапе hydrochloride from the following cell data. 


Mm] My | nt] |! |. [рю 
СИ. NH3 C a : Ен =- 0.188 V 
| | ини | ГА (20 3 19 Г atm 5 “сей 














Answers 





bth 944-10 "у, O52 746 x 107 в, (а) 5.7 x 1072 litre, (b) 5.88 x 1072 litre ; 


3 A! Uitte ; 3. 1/3.372 

EOM! y. 5. 10747; 

в Show bloe colour ; 7, 23.692 g, no change molarity ; 
Көн OR KRG be 0.8596 

0, jeu J 00M, ИГ|20012М, (80: ]=01М ; 

{з dne, 2 11. 71.34 ; 

Et dp 3133 Dadi. 13. 2.005, 2.295 ; 

11: ob esum, 15. 4.63 ; 

Ih Asc 66s I0 р, АХО = 50x 104g ; . 

EN um: 18. – 0.029 У; 
19:011-141902 ; 20. 68х10 M ; 

Ө 1101 volt, 22. 141У, 

A p deg s qu ^. 24. 1.264 g , 0.3765 У ; 
e 26. -0.1658 У ; 

27, ок: 28. -0.1490 V ; 

"y (ERA? KE mol | 30. 1.84 V ; 

М. 107457, 3417 У, 6.118 x I К; 32. 107М ; 

М, See solution. ; 34. X = 40.325 volt, 40.35 volt ; 
15, 00060766, 36. 1.137 V. ; 

17. OKO V , 38. O» will not oxidise ; 
9., А |, 27, 40. 40.019 V ; 

AM. 071V ; 42. 40.059 V ; 


43. 0.1875 volt ; 


44. 2.08 x 1077, 1.352 x 1075 


. 
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Problems for Self Assessment 


Calculate the quantity of charge required to reduce 16.2 g of o-benzoquinone 
(С,Н,О,) to hydroquinone (С,Н,О,) if current efficiency is 75%. If the potential 


drop across the cell is 2 volt, how much energy will be consumed. 
Lactic acid, НС,Н.О,, produced in 1 g sample of muscle tissue was titrated using 


phenolphthalein as indicator against ОН” ions which were obtained by the 


electrolysis of water. As soon as ОН” ions are produced, they react with lactic acid 
and at complete neutralisation immediately a pink colour is noticed. If electrolysis 
was made for 115 second using 15.6 mA current to reach the end point, what was 
the percentage of lactic acid in muscle tissue. 


Calculate the quantity of electricity in coulomb which liberates enough hydrogen 
at the cathode during electrolysis of acidified water so that it can fill a balloon of 
capacity 10 litre at a pressure of 1.5 atmosphere at 27°C. If the oxygen liberated 
is completely used in burning methane, calculate the volume of methane at STP 
which is burnt. 


Anthracene (C;,H;o) can be oxidised anodically to anthraquinone (C,4HgO,). 


What weight of anthraquinone can be produced by passage of a current of 1 ampere 
for 60 minute if current efficiency in 80%? 


Per di-sulphuric acid (Н,5,О,) can be prepared by electrolytic oxidation of 
H,SO, as 2Н,80, — H S70; + 2H* + 2e. О, and Н, are by-products. In such ап 
electrolysis 0.87 g of H and 3.36 g О, were generated at STP. Calculate the total 
quantity of current passed through solution to carry out electrolysis. Also report 
the weight of H,S,O, formed. 

The electrode reactions for charging of a lead storage battery are 

PbSO, + 2e «rp + $02 
PbSO, + 2H,O™ PbO, + SO? + 4H* + 2e 

The electrolyte in the battery is an aqueous solution of sulphuric acid. Before 
charging, the specific gravity of liquid was found to be 1.11 g mL"! (15.7% 
H5SO, by weight). After charging for 100 hour, the specific gravity of liquid was 
found to be 1.28 g ті! (36.9% H SO, by weight). If the battery holds two litre 


liquid, calculate average current used for charging battery. Assume that volume 
remains constant during charging. 


How long a current of 3 ampere has to be passed through a solution of AgNO, to 


coat a metal surface of 80 cm? with a thickness of 0.005 mm? Density of Ag is 
10.5 g ст“, 
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Н,О, can be prepared by successive reactions, 
2NH4HSO, — Н, + (МЧН,),5:Од 
(МН,),55,О, + 2620 —> 2NH4HSO, + НО» 
The first reaction is an electrolytic reaction and second is steam distillation. What 
amount of current would have to be used in first reaction to produce enough 
intermediate to yield 100 g pure H,O, per hr? Assume current efficiency 50%. 
A current of 15 ampere is used to plate Ni from NiSO, bath. Both H, and Ni are 
formed at cathode. The current efficiency of Ni formation is 60%. 
(a) How many g of Ni is plated per hr? 
(b) What is the thickness of plating if the cathode consists of a sheet of 4 ст” 
which is coated on both sides? Тһе density of Ni is 8.9 g mL !. 
(с) What volume of Нд is formed рег hr at STP? 
(d) What volume of О» is formed per hr at STP? 
A solution of a salt of a metal of atomic weight ‘т’ was electrolysed for 150 minute 


by passing a current of 0.15 ampere. The weight of metal deposited was 0.783 g. 
Find atomic weight of metal. Given specific heat of metal is 0.057 cal/g. 


In a zinc-manganese dioxide cell, the anode is made up of Zn and cathode of carbon 
rod surrounded by a mixture of MnO,, carbon, NH,CI and ZnCl, in aqueous base. 


The cathodic reaction is, 
2Мп0› (зу + 702+ +2е—Ъ ZnMn 04s) 
If 8 g MnO, is present in cathodic compartment, how many day the dry cell will 


continue to give a current of 4 х 1077 атреге? 
А battery available for the electrode reaction involves the use of 25% of the Pb 
and PbO, available in it for reaction. What should be the minimum mass of lead 


in the free and combined states in a battery designed to deliver 50 ampere hour? 
What is the standard free energy change for the reaction? Average voltage of lead 
storage battery is 2.0 V. 

Calculate the number of coulombs derived by a Daniel cell, initially containing 1.0 
litre each of 1.0 M Cu?* ion and 1.0 M Zn?* ion, which is operated untill its 
potential drops to 1.0 V. 

Calculate the degree of dissociation and concentration of Ag ions in left hand side 


from the following data: 
Ag 10.01 N AgNO; || NH4NO, saturated | 0.001 N AgNO; | Ag 


The emf of cell is — 0.0579 V at 25°C and 0.00 N AgNO, is completely ionised. 
Calculate the potential of iron-cadmiun cell after the reaction has proceeded to 8096 


completion. Initially 1 M of Fe?* and СА" were taken. 
E pU z0.44 V 5 ЕСагса” = 0.40 У. 


Determine the e.m.f. of the following cell: 
Pb | PbSO, (saturated), so? (1.0 M) HL H* (1.0 M) I H,(1.0 atm) Pt 


Кор of PbSO, is 17x 1075, балыг 70.126 V 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


Calculate the e.m.f. of the cell at 25°C, 
Pb | PbSO, РЫ, | Pb 


Saturated| | Saturated 
solution solution 


Кер of PbSO, = 1.6 x 1075 and Кєр of Pbl, = 8 x 107. 
Suppose that the standard hydrogen electrode was arbitrarily asigned a value of 
0.1 volt for: 26-2Н"--» Hog What will be the effect on the observed voltage 


under standard conditions for each of the following: 
Zn — H, cell, Cu — Н, cell, Zn — Cu cell 


For a cell consisting of an inert electrode in a solution. containing 0.10 
M KMnO, 0.20 M MnCl, and 1.0 M НСІ suitably connected to another inert 


electrode in a solution containing 0.1 M К,Сг,О,, 0.20 M СІСІ; and 0.70 М НСІ. 
Calculate (Given, Ема ма!” = 1.51 V and Ec ot ст“ = 1.33 У) 
(a) Е Юг each half cell. 


(b) E for cell. 
(c) The overall redox change. 


Write the cell reactions and calculate the e.m.f. of the cell given below if, 
Есо*/со* =- 1.82 V and Есе ср -133У 


Pt! H* (1.5 M), Cr” (0.5M), Ст,02“ (4.0 M) || Со? (2.0 M), Co™ (0.010 M) I Pt 
Consider the following cell reactions in two different cells. 

(D A+B < C+D 

(П) 24-28 = 2С + 20 
How are the values of E? and K are related in there two cells. 


How much Си“ ions are present at equilibrium when finely divided Ni is mixed 
with 0.05 M solution of CuSO,? Given Cu/Cu2* --0337У and 
Ni/Ni?* = 0.25 V. 

For the reaction Fe** + Зе <- Fe, E? is —0.036 V and the standard electrode 
potential for Fe** +e «=> Fe?* is 0.771 V. Calculate the E? for Бе” + 2е <= Fc. 


From the following informations, calculate the overall stability constant Кер of 
Ag(S)04)5" at 25°С. 
Ag’ t e-— Ag ; E? = 0.799 V 
Ag(S04 5" e — Ag + 25,07 ; E? -0.017 V 
A cell designed below contains one litre of buffer mixture of СН,СООН and 
СН,СООМа each | M in two compartments using platinum electrodes. pK, for 


CH,COOH = 4.74. 


Pt CH,COOH + CH3COONa| | CH3COOH + CH3COONa| Pt 
H2 1M IM IM 1M H2 
] atm ] atm 


386 
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Calculate: 
(i) The pH in each compartment, 
(ii) The e.m.f. of cell, 
(iti) The pH and e.m.f. of cell of each compartment after passage of 1.25 A current 
for 241.25 minute! 
Calculate the e.m.f. of the cell at 18°C. for: 
Pt H, |N/10 HCI| |N KOH| Pt H, 
1 atm 1 atm 
HCI is 90% dissociated and KOH is 75% ionised. 
The e.m.f. of the cell Ag | AgCNS, KCNS(0.1M) 11 AgNO, (0.1 М) І Ag is 0.586 
V. Neglecting the liquid junction potential calculate ће (Ав | in thiocyanate 
solution. Also report Kcp of AgCNS. 
At what potential should a solution containing 1 M CuSO, 1 M NiSO, and 
2M H,SO, be electrolysed so as to deposit essentially none of the nickel and all 


of the copper leaving 1.0 x 107 Cu”. Еси/си* =- 0.34 V ; Едуми“ = 0.25 У 





Answers 


0.428 Е, 827141; 2. 0.1673% ; 
1.175 x 10°C, 3.41 litre CH, ; 4. 1.0346 р; 
83955 С, 43.65 g ; 6. 1.63 ampere ; 


. 125.09 second ; 8. 315.35 ampere ; 


(a) 9.85 р, (b) 0.138 cm, (с) 2.51 litre, (d) 3.13 Іше; 


0. 111.94 ; 11. 25.675 day ; 
. 1544 р, -386 KI ; 13. = 193000 С ; 
. [Ag] =9.58 х103 М, a=9.58x 107, 

. 0.0577 У ; 16. 0.585 У; 


17. 0.0295 У ; 18. increase, Decrease, No change ; 
19. (а) 1.31 У, 020V (Ы) L51V , 


(c) 6MnO, + 48H* + 10Cr°* + 35H10 —29 6Мп2+ + 24Н,0+5 ; 
1M 


20. 0.32 У, 6Co** + 14H* + CO} — 6Co** + 2Cr** + 7H20 ; 
2 i oe 
21. Есер = ЕП cell › “сей “ААН сей; 
22. 633x107? М; 23. -0.4395 У ; 
24. 18x10" ; 
25. (i) pH=4.74, (ii) 0.0 V, (iii) Anode pH = 4.5752, Cathode pH = 4.9048, 
e.m.f. 2 -0.019 V ; 
26. -0756У, 27. 117х 10 М, К5р= 1.17 x 10-2; 
28. 0.07 V. 


Dilute Solutions and 





2 1 
Chapter at а Glance 
Кими of Олио: pressure n=hxdxg za (1) 
whee A as. height developed in column, d is density of fluid in column at 
тані Пипи, g is gravity. 
п œ (п/у) ос concentration .. (2) 
nV = (w/m) ST = nST .. (3) 
nore кча: pressure, п is mole of solute present in V litre solution, w is weight 
of solute. таг mol. wt. of solute 5 is solution constant and Т is temperature in. К. 
ай! анг solullon T, = Ty .. (4) 
(ton salutes ucither showing association nor dissociation) 
(1 = Со . . 5) 
C€ ds аниони of solute. қ 
Р Т,-Т 
Үүрийн ритам и уму ипон with temperature: 2.303 Үл - зэ ad .. (6) 


amd /, are. vapour. pressures ас temperature T, and 75. АН is heat of 
vun sation. 
Нин м Law 
For їнэн! Ичин systems 





Іта а. -440) 
| ipour pressure of mixture and P’ is partial vapour pressure of each component. 
Гү РА Xa + P'hXp .. (8) 
Pam n =A P ЭЛ 9 
ДЕ О Ла + Ч У виа DES 2050) 
* Гоше vapour pressure of component in pure state. 
wA/m wpg/m 
Гаж M ATA + P$ a | ‚. (10) 
wa/ ma + wp/mg +... wa/m, + ив/тв+... 
Ma XA (G.P) = РА Хай.) . (11) 


X4 and X, are mole fractions in gaseous phase (С.Р) and liquid phase (L.P.) 
respectively. 


406 NUMERICAL PHYSICAL CHEMISTRY 


For solid-liquid system 




















P. ЯГ ул (12) 
Ра n+N w/m+W/M nd 
Ро – Р, 
рә is relative lowering іп vapour pressure. 
P-P; n wxM > : 
P ^N^mxW (For dilute solutions) .. (13) 
P- Р, _п wxM : , 
P, TN тху (Alternative form of Raoult’s law) .. (14) 
MEAS ~ Р-Р; n wxM wx1000 | 
Elevation in boiling point : АТ) ес ре р mxw ^ molality . . .(15) 
Ky X w x 1000 


АТ, = Ку x molality = m™xW .. (16) 


АТ, is elevation in boiling point and Kj, is molal elevation constant of solvent. 


Р-Р п wxM wx 1000 














Depression in freezing point : АТ; = po Um . (17) 
si extenta; = 2000 18 
f= Kf x molality = muU .. (18) 
АТ, is depression in freezing point and К; is molal depression constant. 
RT? 
or К = 10001 NON Эа: 
2 
КТ 
or Кг= 1000 1, .. (20) 
| и (21) 
= b= 1000 1, АЧ 
Ig and |, are latent heat of fusion and vaporisation in cal/g respectively. 
к. А.М „КЪ М пр У Эн 
2” b= 1000 АН, = 100045, C w^ Т ER, 


where АН, and AS, are latent heat of vaporisation in cal/mol and entropy change for 
vaporisation in cal/mol respectively. 
Abnormal Colligative Properties 
For solutes undergoing dissociation : 
Experimental colligative property » normal colligative property 
(O.P., АР, АТЫ, АТ) 
Experimental molecular wt. < normal molecular wt. 


For solute : AxB, —> xA" + yB” 
йе CE i хо + уа 2:23) 
Normal C.P. 


a is degree of dissociation 
>! .. (24) 
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Normal mol. wt. 
Exp. mol. wt. 


t= =1–а+ ха + ус 
П 


van't Hoff Coefficient (2) = 849 





Гог solutes undergoing association : 
Exp. C.P. « Normal C.P. 
Exp. mol. wt. » normal mol. wt. 
For solute: nA === (A), 
Exp. C.P. 51:14 а 
Могта! С.Р. 
Normal mol. wt. 
T Exp. mol. wt. 


. | 


а 
üt -1-04- 
п 
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. (25) 


. (26) 


. (27) 


. (28) 


ts ера се ol axxoctation and л is no. of molecules undergoing association. 
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»- Problem 1. 


»- Problem 2. 


» Problem 3. 


» Problem 4. 


> Problem 5. 


> Problem 6. 


> Problem 7. 


> Problem 8. 


> Problem 9. 


> Problem 10. 


> Problem 11. 


The Basic Problems with Solution 
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Arginine vasopressin is a pituitary harmone. It helps to regulate the 

amount of water in the blood by reducing the flow of urine from the 

kidneys. An aqueous solution containing 21.6 mg of vasopressin in 

100 mL of solution had an osmotic pressure of 3.70 mm Hg at 25°C. 

What is the molecular weight of the harmone? 

A solution is prepared by dissolving 1.08 g of human serum albumin, 

a protein obtained from blood plasma, in 50.0 cm? of aqueous solution. 

The solution has an osmotic pressure of 5.85 mm Hg at 298 К. 

(a) What is the molar mass of the albumin? 

(b) What is the height of water column placed in solution? 
а(Н,О) = 1 ст“ 

The osmotic pressure of blood is 7.65 atm at 37°С. How much glucose 

should be used per litre for an intravenous injection that is to have the 

same osmotic pressure as blood. 

At 25°С, a solution containing 0.2 р of polyisobutylene in 100 mL of 

benzene developed a rise of 2.4 mm at osmotic equilibrium. Calculate 

the molecular weight of polyisobutylene if the density of solution is 

0.88 g/mL. 

At 300 K, 36 g of glucose present per litre in its solution has an osmotic 

pressure of 4.98 bar. If the osmotic pressure of solution is 1.52 bar at 

the same temperature, what would be its concentration? 

At 20°C, the osmotic pressure of urea solution is 400 mm. The solution 

is diluted and the temperature is raised to 35°С, when the osmotic 

pressure is found to be 105.3 mm. Determine extent of dilution. 

At 27°С, a 5% solution (wt./vol.) of cane-sugar is isotonic with 

8.77 g/litre of urea solution. Find m.wt. of urea, if m.wt. of sugar is 

342. Also report the osmotic pressure of soiution if 100 mL each are 

mixed at 27?C. 

An aqueous solution of 2 per cent (wt./wt.) non-volatile solute exerts 

a pressure of 1.004 bar at the boiling point of the solvent. What is the 

molecular mass of the solute? 

The vapour pressure of water is 12.3 kPa at 300 K. Calculate vapour 

pressure of 1 molal solution of a solute in it. 

Calculate the mass of a non-volatile solute (molecular mass 40) which 

should be dissolved in 114 g octane to reduce its vapour pressure to 

80%. 

A solution containing 30 р of a non-volatile solute exactly in 90 р 

water has a vapour pressure of 2.8 kPa at 298 K. Further 18 g of water 

is then added to solution, the new vapour pressure becomes 2.9 kPa at 

298 К. Calculate : 
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» Problem 12. 


» Problem 13. 


> Problem 14. 


» Problem 15. 


ь 1101! га 106. 


> eoliban ІН, 


m Problem 20. 


> Problem 21. 


(1) Molecular mass of the solute, 

(ii) vapour pressure of water at 298 K. 

Find the molality of a solution containing a non-volatile solute if the 

vapour pressure is 296 below the vapour pressure of pure water. 

Dry air was successively passed through a solution of 5 g solute in 

80 g water and then through pure water. The loss in weight of solution 

was 2.5 g and that of pure water was 0.04 g. What is mol. wt. of 

solute? 

Heptane and octane form ideal solution. At 373 K, the vapour pressures 

ofthe two liquid components are 105.2 kPa and 46.8 kPa, respectively. 

What will be the vapour pressure, in bar, of a mixture of 25.0 g of 

heptane and 35.0 в of octane? 

The vapour pressures of ethanol and methanol are 44.5 and 88.7 mm 

of Hj respectively. An ideal solution is formed at the same temperature 

by mixing 60 g of ethanol and 40 g of methanol. Calculate the total 

vapour pressure of solution and mole fraction of methanol in vapour 

рћизе. 

ЛЕНОК, the vapour pressure of an ideal solution containing 2 moles 

of 4 and 3 moles of В is 550 mm of Hg. At the same temperature, if 

one niole of B is added to this solution, the vapour pressure of solution 

increases by 10 mm of Hg. Calculate the V.P. of А and B in their pure 

чије. 

Inn cold climate water gets frozen causing damage to the radiators of 

car | усыг glycol is used азап antifreeze agent. Calculate the amount 

ol ethylene glycol to be added to 4 kg water to prevent it from freezing 

al 6"C. А, for water is 1.85 K тог! kg. 

^n aqueous solution of liquid “Ж (mol. weight 56) 28% by weight 

hus à vapour pressure 150 mm. Find the vapour pressure of “Л? if 

vapour pressure of water is 155 mm of Hg. 

^ ба solution (by mass) of cane sugar in water has freezing point of 

171 К. Calculate the freezing point of a 5% glucose (by mass) іп 

water. The freezing point of pure water is 273.15 К. 

Hutylated hydroxytoluene (BHT) is used as an antioxidant in processed 

foods (it prevents fats and oils from becoming rancid). А solution of 
5 y of BHT in 100 g of benzene has a freezing point of 4.88 K. 

What is the molecular weight of BHT? Ку (benzene) = 5.12 К тог! 

kg, freezing point of benzene = 5.45 К? 

^n aqueous solution of glucose containing 12 g in 100 g of water was 

found to boil at 100.34°С. Calculate K^, for water in К mol ^! kg. 
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» Problem 22. 


» Problem 23. 


> Problem 24. 


» Problem 25. 


»- Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29. 


> Problem 30. 


». Problem 31. 
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The boiling point of CHCl4 was raised Бу 0.323?C when 0.37 g of 
naphthalene was dissolved in 35 в СНСЬ. Calculate the molecular 
weight of naphthalene. А”, for CHCl; = 3.9 К тог! Кр. 

What will be the boiling point of bromine when 174.5 mg of octa- 
atomic sulphur is added to 78 g of bromine. K' for Br, is 5.2 К тог 
| kg and b.pt. of Br, is 332.15 К. 

What is the depression in freezing point ofa solution of non-electrolyte 
if elevation in boiling point is 0.13 К, Ky = 0.52 К тог! kg; 
Кү- 1.86 К mor! kg? 

Pure benzene boiled at 80°С. The boiling point ofa solution containing 
1 g of substance dissolved in 83.4 g of benzene is 80.175°C. If latent 
heat of vaporization of benzene is 90 cal per g, calculate the molecular 
weight of solute. 

Calculate the osmotic pressure of 20% (wt./vol.) anhydrous Ca(NO3), 
solution at 0°С assuming 100% ionisation. 

The vapour pressure of a solution containing 2 g of NaCl in 100 в 
water, which dissociated in one Ма and one СГ ion in water, is 
751 mm, at 100°C. Calculate the degree of ionisation of NaCl. 
What is osmotic pressure of the aq. solution of the given solute at 
27*C if depression in freezing point is 0.93?? Molal depression 
constant of water is 1.86 К тог"! kg? Assume molality as molarity. 
17.4% (wt./vol.) K5SO, solution at 27°C is isotonic to 5.85% (wt./ 
vol.) NaCl solution at 27°С. If NaCl is 100% ionised, what is 96 
ionisation of K,SO, in aq. solution? 

The partial pressure of ethane over a saturated solution containing 
6.56 x 10? g of ethane is 1 bar. If the solution contains 5.00 x 1072 Б 
of ethane, then what shall be the partial pressure of the gas. 
Calculate the concentration of СО, in a soft drink that is bottled with 
a partial pressure of CO, of 4 atm over the liquid at 25°С. The Henry's 
law constant for СО, in water at 25?C is 3.1 х 1072 mol/litre-atm. 
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Answers 

1. 1085 р то 2. 
% 54.10 g; 4. 
8 0.061 molar; 6. 
7. 50.09, 3.60 atm; 8. 
9, 12.08 Кра; 10. 
11.0) 23 у mol, (ii) 3.53 kPa; 12. 
(1 ды; 14. 
LA 66 LT nmm 0 144, 0.656; 16. 
17: WOT y: 18. 
I9. 209 06 K, 20. 
НОК mol! kg; 22. 
11 112:198 Қ; 24. 
|М 18972, 26. 
1! 94:74", 28. 
29, 50% К.О 30. 
1012 mol litre! 
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(a) 68655 g/mol, (b) 7.958 cm; 


2.39 x 107, 

4 times; 

40.97 g mol; 
10 g; 

1.1334; 

73.08 kPa; 

А = 460 тт, В = 610 mm; 
110 тт; 
224.56 g/mol; 
127.6; 

0.465 K; 

82.0 atm; 
12.315 atm; 
0.762 bar; 
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Solutions 








Solution 1. Given, vasopressin = 21.6 mg = 21.6 x 107° р; 


Volution = 100 mL = 


100 === lit 3.70 - 27 
1000 ше; л = mm = atm; 
Т= 25 +273 =298К 

ур 
ny =— ST 
m 


370 100 _ 216x107 
Te qm f 77270 0921::298 
Mol. weight (m) = 1085 р mol"! 


Solution 2. Given, Удьити = 1.08 р, 





; 50 . 
Уоїшол = 50 ст = 1000 litre; 


= 5.85 ii ; Т=298 К 
1-5.85mm- тєр atm; T= 


w 
У--67 


CUN NN 108 0.0821 х 298 
760 1000 m 


m = 68655 g/mol 
Also, t=h.d.g 
5.85 T 4 
760 (101325 х 107-4х1х107 х 9.8 (ліп N/m’, d in kg/m) 


h = 7.958 х 10? m = 7.958 cm 


и 
Solution 3. "blood 7 T'glucose ^ ууу ST 





or 





7.65 — 180 х 17 0-0821 х 310 


Welucose — 54.10 : 
Solution 4. 


Height developed = 2.4 mm 


24 
Osmotic pressure = h.d.g `= 35 0.88 x 981 


= 207.187 dyne cm? 
Now nV — nST 


DILUTE SOLUTION AND COLLIGATIVE PROPERTIES 413 


02 ; 
207.187 x 100 = Е) 8.314 х 10 x 298 
(R in erg; V in mL, using CGS system) 








m = 2.39 x 105 
Solution 5. Given: ОР. = 4.98 bar, w= 36р, V – litre (case 1) 
O.P. = 1.52 bar, (case 11) 
For 1: Ws AS 
m 
oso] SEE 
х 28 х х 
Д I DXI .44(1) 
: w \ 
lor: 1.52=Сх5хТ|С=- xv] (2) 
mx , 


Ну eq. (1) and (2); 
С = 0.061 molar 


400 
Solution 6, For initial solution, з = = === am. T-293K 
10 


400 
728 х V, =n xS x 293 (1) 
5 After dilution, let volume becomes У; and temperature is raised to 
159С i.e. 308 К. 
105.3 
т = — atm 
760 
105.3 
х Из =пх x 308 ..(2) 


00 


By eqs. (1) and (2) we get 
4 293 105.3 


V,. 308 400 


И 21 
V 4 
V, -4yi 


ie., Solution was diluted to 4 times. 


8 Поп 7. Vor isotonic solutions, having neither dissociation nor association nature 


of solutes. 





C, -C, 
Wi М” 
ог eR UP 
mV, mV, 


For sugar For urea 
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5 8.77 
342x100 тх 1000 
1000 1000 
28715342 [o go 
LECT ae С 


On mixing 100 mL of cane sugar with 100 mL urea solution, the total 
volume now contains 200 mL in which 5 g cane sugar and 0.877 g urea 
is present. 





К 
E "1000 |342 60 


п = 3.60 atm 


Solution 8. Given Ps = 1.004 bar, P? = 1.013 bar (at boiling point P? = 1.013 Баг = 
1 atm), w-2g, 


200 5 0877 
| | x 0.0821 x 300 





W-100-2-98g 











Р-Р; o wxM 
From Raoult’s law : E = 
5 тх У 
013-1004 2x18 
1004 _ mx 98 
m = 40.97 g mol” 
| PoP on 
Solution 9. mt 
(Given n = 1 and N= 1000/18; assuming molarity = molality) 
b EE Мы 
Ps —— 1000/18 


Р, = 12.08 kPa 


A Р-Р а ww РМ) 
Solution 10. E “ЛЕЙ? 
(Given m = 40, W = 114 g, ы = |14) 
[00—80  wxll4 
80 40xll4 
w=10g 





octane 15 СаН |з 





` n 
Note : By = N (Only [ог dilute solution, the answer comes 8 о,) 
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hwluttou 11. 


For I case : 


For И сазе: 


Ву eq. (1) and ( 














Р°-№ мх М 
Бо mW 
P°-28 30x18 6 
28 E mx90 m 
P°-2.9 30x18 5 
229 i mx 108 “т 
2) P? = 3.53 kPa 


m=23 р mol! 


























415 


(0) 


442) 





Р°-Рс` n 
Nowe Answers will be 3.4 kPa and 34 g mol”! if ро TN is used which 
i only valid for dilute solutions. 
І 12, í Р; = 28 ро 
ОО 8 "усеп, Е 100 
P- p. wx M w [606 M 
= -— x x 
Aow Py mxW mxW 1000 
оч | 
py — pe 
18 
100 M сор 
| 98 _ | molality 1000 
БУД 
100 
Molali 26 | ХА 1.1334 
olality то {Хх = 1.1334 
| 100х 58 | 16 
Solution 14. Loss in weight of solution o Ре 
Laas in weight of solvent œ P? — Ps 
Р-Р — Lossin wt. of solvent 0.04 | 
Ps Loss in wt. of solution 2.5 (0) 
R P-P, ух М 3 
ы Po mxW к 
0.04 5х18 
2.5 80хт 
or т = 70.31 


Solution 14. 


p 


ly md 


(mol. wt. of Cal, 


n 


"Пеан ур L ER АТА с НЕ 
Heptanes Octane Heptane n+N Octane n+N 


100; mol. wt. oF Cyl), = 114) 


Ny 
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25/100 35/114 
= 105.2 x 735 35 + 46.8 х 7557 ЧЕ 73.08 КРа 
лын ae >< к + еск 
100 114 100 114 
Solution 15. Ру "pog * Apion + P^weon х Хмеон 
60 / 46 40/32 
Ру = 44.5 х 6046 + 88.7 x 80 , 40 
46 32 46 32 
= 22.72 + 43.41 = 66.13 mm 
Also we have : 
Р°вон X Xeon = Рм Х Xeno) 
60/46 
х 60 40 = 66.13 х Хон») 
—+ 
46 32 
Хен) — 0.344 
Хмеоне) = 0.656 
Solution 16. Initially, Рм = Р°А.ХА ar Рев-Хв 
x 2 ( 
550=Р ЭС + pe, 3| ; 
ог 2Р9, + ЗР°в = 2750 444) 
When | mole of В is further added to it, 
Рм= Р° Хд + Р'В Ав 
_2_ TE | 
ШОРОО ЫГ В) 
a 2Р9, + 4Р°в = 3360 (2) 
By eq. (1) and (2); 
од = 460 mm; P^, = 610 mm 
: У 1000 х К, хи 
Solution 17. АТ,= CNET 
Given, АТ,= 6°; w-?, W=4 x 10° g HjO; Ку= 1.85 К mol! kg 
M glycol = 62 
_ 1000 x 1.85 x w a 
4 x 103 x 62 
Walycol = 804.32 g 


Solution 18. According to Raoult's law for liquid mixtures, 
Py P'a Pg 
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25/100 35/114 
= 105,2 х «сс =, "Р 46.8 х Га 73.08 КРа 
=.. p=- = + == 
100 114 100 114 
Solution 15. Рм = Р“Бон х XpioH ES Р°меон х X MeOH 
60/46 40/32 
= й 
Ру = 44.5 х 6040 + 88.7 х 6 20 
46 32 46 32 
= 22,72 + 43.41 = 66.13 mm 
Also we have : 
Р%юн Х.Хионоу” Рм * Xeno) 
60/46 
44.5 х 60 40 = 66.13 x Хаон(у) 
+ - 
46 32 
ХЕюно) = 0.344 
Xmeoniv) = 0.656 
Solution 16. Initially, Py = РА. ХА dr Р%,.Ха 
( 2 \ / 3 х 
550 = Р° 5,5] + 29.53) 
ог OP? ЗРен = 2750 ...(1) 
When 1 mole of В is further added to it, 
fhe SE Xa YE 
мт 
560 == РЭА(244, m P^. 2:4. 
л 2P?4 + 4Р°р = 3360 ...(2) 
Ву eq. (1) and (2); 
од = 460 mm; Ро = 610 mm 
ы _ 1000 х Кухи 
Solution 17. AT,- Es 
Given, АТу= 6°; w-?, W-4x 10 g HO; К,= 1.85 К тог! kg 
Melycol = 62 
_ 1000 x 1.85 x w 
4 х 103 x 62 
Welyco) = 804.32 g 


Solution 18. According to Raoult’s law for liquid mixtures, 


— 
Py Род + Ра 
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Mp. 
Рм = Р°д х Nd +P% БЕЧО... ЛЕВУ 
Wa + УВ Wa iB. 
ТА * тв ma, тр 


Given that, Wa 28 8, Уно = 72 8, P'a =? 
Рено = 155, тд = 56 р, myo = 188, and P = 150 mm 


28 | | 72 
5 LENT ] Lg 
150 = Род x A n + 155 х 28,72 
56 18. .56 18 











Боер хохо *155x4x 3 
2 9 9 


Род = 110 mm 


1000x Kxw 
Solution 19. SOEUR, 
Assuming 5% weight per cent, we һауе 
м-5р, W-100-5-795g; AT- 273.15 – 271 = 2.15, 
m = 342 (for sugar) 


_ 1000x K х5 
2.15 = 342 х 95 (1) 
_ 1000 K x5 
For glucose AT = 180 х 95 .4(2) 


М eq. (1) апа (2); > AT- 4.085 
Freezing point = 273.15 - 4.09 = 269.06 К 


Solution 20. Given, увнт = 2.5 р, W= 1005, 


АТ = 5.45 4.88 = 0.57 К, К;= 5.12 К molality"! 
1000 x К, x w 
Wxm 
057- 1000 х512х25 
100хт 
Mol. weight (т) = 224.56 g/mol 
Solution 21. Given, b.pt. of water = 100°С 


b.pt. of solution = 100.34°С 
Elevation in b.pt.; АТ = 0.34?C, у = 12g, W= 100g, т = 180 


АТ = 


1000 K,w 
АТ = А-А-А] Т 
mW 
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034- 1000 х K, x 12 
180 х 100 


Кь= 0.51 К тог! kg 
Solution 22. Given that, w = 0.37 в, W=35 р, K,=3.9K тог! kg, АТ = 0.323°С 


ог 


re 1000 „у 


mW 
1000 x 3.9 x 0.37 
0:323 — = 
mx 35 
т = 127.6 
Solution 23. Given, w-174.5x 10? р, W- 78 р, 
т = 8х 32 = 256 (© octa-atomic), Ky = 5.2 
-3 
лт 1000Къ» _ 1000x52x1745x107 24, 
mW 78 x 256 
Boiling point of Вг; solution = 332.15 + AT = 332.15 + 0.045 
= 332.195 К 
Solution 24. “АТ, = 0.13, Ky = 0.52 
АТ;=? . Ке= 1.86 
For а given solution AT, œ Kp 
АТ, ос К, 
АТ Kp 
АТ, Ky 
AT, -АТ, x ŠL „9135136 
- xmi m 
= жалу: ад: 
AT, = 0.465 К 
Solution 25. B.pt. of C6H6 = 80 + 273 = 353 К 


Latent heat (1,) = 90 cal/g 
АТ = 80.175 – 80 = 0.175, w= | g, Ў = 83.4 g 
RT? 
К. = 
b 10001, 





(1, is latent heat of vaporisation/g in the unit of К) 


_ 2x 353x353 


or Ky 1000 x 90 = 2.769 К. mol ' kg 


Ky х 1000 x w 


Now, АТ, " 
m 
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Solution 26. 


. 


Solution 27. 


Solution 28. АТ; = Кү x molality, 


@ 
Solution 29. For 


419 


2.769 x 1000х I 
ШІМ а 


Ca(NOj, — Са“ + 230; 
Before dissociation 1 0 0 
After dissociation l-a a Қ 2а 
Given, м-20р, Г= 100 mL, Т= 273 К, 
Mol. wt. of Ca(NO4); = 164 














у 20 х 1000 х 0.0821 х 273 
са таша m 164 х 100 АВИ 
T exp 
Now, =1+2а=1!+2=3 * а=1 
TN 
Тәр“ 27.33 x 3 = 82.0 atm 
Р-Р;  wxM 
Р, С mxW 
760-751 _ 2x18 
751 т х 100 
^ техр = 30.04 
Еог NaCl === Ма + СГ 
Before dissociation 1 0 0 
After dissociation 1-а а а 
MN |. 585 _ 
Now Mes 144 or 30.04 1+а 
а = 0.9474 ог 94.74% 


т = molarity x ST 


AI 2 а (^ molality = molarity) 
т ST 
093 . 186 
п 0.0821 x 300 
п = 12.315 atm 
K,SO, === 2K* + So, 
1 0 0 
1-a 2a a 


и 
м = ST (1920) 


420 


Еог 


Given 
or 


Solution 30. 
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T; т а + 2a) = 57 х (1 +2а) 
174 х 100 


NaCl === Ма’ + СГ 


1 0 0 
(1-01) a “| 
585 х 1000 
535,100 58770504 ж Өлі 
т) =STx2 


T, =m, (isotonic solution) 


STix 2 = ST x (1 + 2a) 
а =0.5 ог 50% ionisation of K,SO, 


а«Р 
6.56 x 10^ есі (Р = 1 bar) 
5.00 х 10? œ P 
1х 500 х 1072 
p= ——————у—= 0.762 bar 
656х10 


Solution 31. According to Henry's law, 5 -К ог а=КхР 


а=3.1х 102 x 4 = 0.12 mol litre! 
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> Problem 1. 


^ 


» Problem 2. 


> Problem 3. 


> Problem 4. 


» Problem 5. 


» Problem 6. 


» Problem 7. 


> Problem 8. 


> Problem 9. 


Selected Problems with Solutions 





If at a particular temperature, the density of 18 M H5SO, is 


186 ст, calculate: 

(a) Molality, 

(b) 96 concentration by weight of solution, 

(c) Mole fraction of water and H5SO,, 

(d) Relative decrease in vapour pressure with respect to H20 solvent 
assuming H2SO, almost unionised at this high concentration. 


At 25?C, a solution containing 0.2 g of polyisobutylene in 100 mL of 
benzene developed a rise of 2.4 mm at osmotic equilibrium. Calculate 
the molecular weight of polyisobutylene if the density of solution is 
0.88 g/mL. 


Calculate O.P. of a solution obtained by mixing 100 mL of 3.4% solution 
(wt./vol.) of urea (m. wt. 60) and 100 mL of 1.646 solution (wt./vol.) of 
cane-sugar (m. wt. 342) at 20?C. 

А tube of uniform cross-sectional area 1 ст“ is closed at one end with 
semipermeable membrane. A solution of 5 g glucose per 100 mL is 
placed inside the tube and is dipped in pure water at 27°С. When 
equilibrium is established calculate. 

(a) Osmotic pressure of solution, 

(b) Height developed in vertical column, 

Assume density of final glucose solution 1 g/mL. 

A beaker containing 20 g sugar in 100 g water and another containing 
10 g sugar in 100 g water are placed under a bell-jar and allowed to 
stand until equilibrium is reached. How much water will be transferred 
from one beaker to other? 


At 300 K, two solutions of glucose in water of concentration 0.01 M and 
0.001 M are separated by semipermeable membrane with respect to 
water. On which solution, the pressure need be applied to prevent 
osmosis? Calculate magnitude of this applied pressure. 

At 10°С, the osmotic pressure of urea solution is 500 mm. The solution 
is diluted and the temperature is raised to 25?C, when the osmotic 
pressure is found to be 105.3 mm. Determine extent of dilution. 


At 300 K, the vapour pressure of an ideal solution containing one mole 
of A and 3 mole of B is 550 mm of Hg. At the same temperature, if one 
mole of В is added to this solution, the vapour pressure of solution 
increases by 10 mm of Hg. Calculate the V.P. of A and B in their pure 
state. 

The vapour pressure of benzene and toluene at 20?C are 75 mm of Hg 
and 22 mm of Hg respectively. 23.4 g of benzene and 64.4 g of toluene 
ure mixed. If two forms idcal solution, calculate the mole fraction of 




















422 


> Problem 10. 


» Problem 11. 


» Problem 12. 


» Problem 13. 


> Problem 14. 


» Problem 15. 


> Problem 16. 


> Problem 17. 
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benzene in vapour phase when vapours are in equilibrium with liquid 

mixture. 

Vapour pressure of СН and C;Hg mixture at 50°C are given by 

Р= 179 Xg + O2, where Xg is mole fraction of CgHg. Calculate 

(in mm): 

(a) Vapour pressure of pure liquids. 

(b) Vapour pressure of liquid mixture obtained by mixing 936 g СН, 
and 736 g toluene. 

(c) If the vapours are removed and condensed into liquid and again 
brought to the temperature of 50°С, what would be mole fraction 
of CgHg in vapour state? 

Ideal mixture of two miscible liquids A and B is placed in a cylinder 

containing piston. Piston is pulled out isothermally so that volume of 

liquid decreases but that of vapours increases. When negligibly small 

amount of liquid was left, the mole fraction of A in vapour phase is 0.4. 

If P4 —0.4 atm and Рф =1.2 atm at the experimental temperature, 

calculate the total pressure at which the liquid is almost evaporated. 

A mixture of two immiscible liquids nitrobenzene and water boiling at 

99°C has a partial vapour pressure of water 733 mm and that of 

nitrobenzene 27 mm. Calculate the ratio of the weights of nitrobenzene 
to the water in distillate. 

The vapour pressure of two pure liquids A and B that forms an ideal 

solution at 300 and 800 torr, respectively at temperature T. A mixture of 

the vapours of A and B for which the mole fraction of A is 0.25 is slowly 
compressed at temperature Г. Calculate: 

(а) The composition of the first. drop of the condensate, 

(b) The total pressure when this drop formed, 

(c) The composition of the solution whose normal boiling point is 7, 

(d) The pressure when only the last bubble of vapour remains, 

(e) Composition of the last bubble. 

The vapour pressure of water at 293 K is 2338 Pa and the vapour pressure 


of an aqueous solution is 2295.8 Pa. If solution density is 1010 kg/m at 
313 K, calculate the osmotic pressure at 313 K. Molecular weight of 
solute — 60. 

Calculate the vapour pressure of solution having 3.42 g of cane-sugar in 
180 g water at 40°C and 100°C. Given that boiling point of water is 
100?C and heat of vaporisation is 10 kcal mol”! in the given temperature’ 
range. Also calculate the lowering in vapour pressure of 0.2 molal 
cane-sugar at 40°С. 

Calculate the vapour pressure lowering of a 0.10 m aqueous solution of 
non-electrolyte at 75°С. 

What weight of solute (M. wt. 60) is required to dissolve in 180 g of 
water to reduce the vapour pressure to 4/5th of pure water? 
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> Problem 18. 


> Problem 19. 


> Problem 20. 


> Problem 21. 


> Problem 22. 


» Problem 23. 


» Problem 24. 


» Problem 25. 


» Problem 26. 


> Problem 27. 


Dry air was successively passed through a solution of 5 g solute in 80 
g water and then through pure water. The loss in weight of solution was 
2.5 g and that of pure water was 0.04 g. What is mol. wt. of solute? 


What will be the boiling point of bromine when 174.5 mg of octa-atomic 
sulphur is added to 78 р of bromine? КЕ for Вг» is 5.2 К тог ! kg and 
b. pt. of Brz is 332.15 К. 
An aqueous solution containing 5% by weight of urea and 10% by 
weight of glucose. What will be its freezing point? Құ for H5O is 
1.86? mol! kg. 
Two elements A and B form compounds having molecular formula 
AB» and AB4. When dissolved in 20 g СН, Гр of АВ» lowers the 
f. pt. by 2.3?C whereas 1.0 g of AB4 lowers it by 1.3?C. The Кү for 
C6H6 is 5.1 К mol! kg. Calculate atomic weight of A and B. 
If boiling point of an aqueous solution is 100.1°С. What is its freezing 
point? Given latent heat of fusion and vaporization of water are 
80 cal g`! and 540 cal g`! respectively. 
Calculate the freezing point of an aqueous solution having mole fraction 
of water 0.8. Latent heat of fusion of ice is 1436.3 cal mol. 
1000 g of 1 m sucrose solution in water is cooled to - 3.534°C. What 
weight of ice would be separated out at this temperature? 
Ki of H20 = 1.86 K тог ! kg. 
The osmotic pressure of an aqueous solution of sucrose is 2.47 atm at 
303 K and the molar volume of the water present in solution is 
18.10 ст“. Calculate the elevation of boiling: point of this solution. 
Given АН ар = 540 cal/g. Assume volume of solvent equal to volume of 
solution. 
А dilute solution contains m mole of solute А in 1 kg of a solvent with 
molal elevation constant Kj. The solute А undergoes dimerization as 
2A === А». Show that equilibrium constant for dimer formation is given 
by: 
i K, (Куп - AT») 

* (2АТ,-Кут) 
where АТ, is elevation т boiling point for given solution. Assume 
molarity = molality. 
А solution containing 0.1 mole of naphthalene and 0.9 mole of benzene 
is cooled out until some benzene freezes out. The solution is then 
decanted off from the solid and warmed upto 353 K where its vapour 


pressure was found to be 670 torr. The freezing point and boiling point 
of benzene are 278.5 К and 353 К respectively and its enthalpy of fusion 


is 10.67 КІ оГ”! Calculate the temperature to which the solution was 
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» Problem 28. 


> Problem 29. 


> Problem 30. 


> Problem 31. 


> Problem 32. 


> Problem 33. 


> Problem 34. 


» Problem 35. 


> Problem 36. 


» Problem 37. 
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cooled originally and the amount of benzene that must have frozen out. 
Assume ideal behaviour. 


One mole of (Cg6Hs)3C OH dissolved in 1000 р of 100% sulphuric aciu 
lowers the freezing point of sulphuric acid twice as one mole of 
СНЗОН shows in 1000 р of 100% sulphuric acid. Comment on it 
assuming that СНЗОН is neither dissociated nor associated in sulphuric 
acid. 

Calculate the osmotic pressure of 20% (wt./vol.) anhydrous CaCl» 
solution at 0°C assuming 100% ionisation. 

A certain mass of a substance when dissolved т 100 g СН lowers the 
freezing point by 1.28°С. The same mass of solute dissolved in 100 g 
of water lowers the freezing point by 1.40°C. If the substance has normal 
molecular weight in benzene and is completely dissociated in water, into 
how many ions does it dissociate in water? К; for H20 and СбНе are 
1.86 and 5.12 К mol! kg respectively. 

The vapour pressure of a solution containing 2 g of an electrolyte BA 
in 100 р water, which dissociates іп one В” and опе А ion in water, is 


751 mm, at 100°C. Calculate degree of ionisation of BA if its mol. wt. 
is 56. 


Vapour pressure of a saturated solution of a sparingly soluble salt 
А?Вз is 31.8 mm of Hg at 40°C. If vapour pressure of pure water is 31.9 
mm of Hg at 40°C, calculate Кер of А223 at 40°C. 

1 g of mono-basic acid in 100 g of water lowers the freezing point by 
0.168°. If 0.2 р of same acid requires 15.1 mL of №10 alkali for complete 
neutralization, calculate degree of dissociation of acid. Kf for Н:О is 
1.86 К mol”! kg. 


What will be the osmotic pressure of 0.1 M monobasic acid if its pH is 
2 at 25°C. 


A complex is represented as CoCl3 - ХМНз. Its 0.1 molal solution in 
aqueous solution shows Д7+ = 0.558°. Кр for Н2О is 1.86 К molality. 


Assuming 100% ionisation of complex and co-ordination number of Co 
as six, calculate formula of complex. 


The freezing point of an aqueous solution of KCN containing 0.1892 
mol kg! was -0.704°C. On adding 0.045 mole of Hg(CN)», the freezing 
point of the solution was -0.620°С. If whole of Нр(СМ) is used in 
complex | formation according to the equation, 
Hg(CN)2 + nkKCN-. Km IHg(CN),, + 2] what is the formula of the 
complex? Assume [Mg(CN),,, 21" is not ionised and the complex 
molecule is 100% ionised. Ку (H20) is 1.86 kg mol! К. 

A 0.001 molal solution of a complex represented as (МИС in water 
had ћеслту point depression of 0.0054°С. Given Ay for ILO ~ 1.806 К 
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> Problem 38. 


“ 


» Problem 39. 


> Problem 40. 


» Problem 41. 


> Problem 42. 


> Problem 43. 


molality". Assuming 100% ionisation of the complex, write the ionisa- 
tion nature and formula of complex. 
The freezing point of 0.08 т NaHSO, is — 0.345?C. Calculate the 
percentage of HSO, ions that transfer a proton to water to form SO; 
ion. Кр of H20 = 1.86 mol! kg. Assume HSO; does not show hydrolysis 
The Кер (25°C) of sparingly soluble salt ХҮ, is 3.56х 1075 
mol? litre? апа at 30°C, the vapour pressure of its saturated solution 
in water is 31.78 mm of Hg. Calculate the enthalpy change of the 
reaction if the vapour pressure of НэО at 30°C is 31.82 mm. 

ХҮ, Aq. &— Xi) t 20) (10096 ionisation) 
Ап aqueous solution of ап acid is so weak that it can be assumed to be 
practically unionised, boiled at 100.4?C. 25 mL of this solution was 
neutralised by 38.5 mL of 1 N solution of NaOH. Calculate basicity of 
the acid if Ку for water is 0.52 К mol ' kg. Assume molality equal to 
molarity. 
The freezing point of 0.02 mole fraction of acetic acid in benzene is 
277.4 K. Acetic acid exists partly as dimer. Calculate the equilibrium 
constant for dimerisation. Freezing point of benzene is 278.4 K and heat 
of fusion of benzene is 10.042 kJ тоГ!, Assume molarity equal to 
molality. 
What is the ratio by weight of NaF and Nal which when dissolved in 
water produces the same osmotic effects as 0.1 molar solution of urea 
in water at same temperature? The weight of residue obtained on 
evaporation of the salt solution is 0.48 gram per 100 mL of solution 
evaporated. Assumé complete dissociation of the salts. 
Calculate the value of molal elevation constant for water if 
ASyaporisation 15 26.33 cal K^! тої". 
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Answers 

1. (a) 500 molal, (b) 98%, (c) H2SC4=0.9, H20-0.1, (d) 09; 

2. 239x 10? ; 3. 738 atm ; 

4. (a) 6.842 atm, (b) 70.43 m ; 5. 3332 ; 

6.` See solution ; 7. S times ; 

8. А=400 тт, В=600 тт ; 9. 0.59, 0.41 ; 

10. (a) 92 mm, (b) 199.4 mm, (с) 0.815, 0.185, (d) 0.928, 0.072 ; 
* Ш. 0.667 atm ; I2 A 

13. (а) 0.47, 0.53, (b) 565 torr, (c) 0.08, 0.92, (d) 675 torr, (e) 0.889 ; 

14. 2.53 x 106 Ра ; 15. 7592 mm, 0.21 mm ; 

16. 0.53 mm ; 17. 150g ; 

18. 70.31 ; 19. 332.195 К; 

20. -3.042С ; 21. А-25.59, В= 42.65 ; 

22. —0.362°C |, 23. —25.97°С ; 

24. 352.98 ; 25. 5.145 x 107 ; 

26. See Solution 27. 27039 К, 12.142; 

28. See solution ; 29. 121.14 atm ; 

30. 3 ; 31. 86.41% ; 

32. 5.672 Х 103 ; 33. 19.6% ; 

34. 2.69 atm ; 35. See solution ; 

36. Ko[Hg(CN)4] ; 37. See solution ; 

38. 31.85% 39. 52.799 kJ ; 

40. 2 ; 41. 3.39 ; 

42. 028 ; 43. 0.5 К molality". 
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Problems for Self Assessment 


1. A beaker containing 0.01 mole of sugar in 100 g water and a beaker containing 
0.02 mole of sugar in 100 g water are placed in a chamber and allowed to 
equilibriate. What is the mole fraction of sugar in the resulting solution? 


~ 


2. Calculate the molecular weight of cellulose acetate if its 0.2% (wt/vol) solution in 


acetone (sp. gravity 0.8 g/cm?) shows an osmotic rise of 23.1 mm against pure 
acetone at 27°C. 


3. 5 в of a polymer of molecular weight 50 kg mol! is dissolved іп 1 dm? solution. 


If the density of this solution is 0.96 kg dm at 300 K, calculate the height of 
solution that will represent this pressure. 


4. Calculate osmotic pressure of a solution containing 100 mL of 3.4% solution (by 
volume) of urea (m. wt. 60) and 50 mL of 1.6% solution (by volume) of cane-sugar 
(m. wt. 342) at 27°C. 


5. Consider the following arrangement in which a solution containing 20 g of 


haemoglobin in 1 dm of the solution is placed in a right hand compartment and 
pure water in left hand compartment. Both the compartments are separated through 

a semi-permeable membrane. At equilibrium, the height of water in the right hand 
column is 77.8 mm in excess of that in the left hand column at 298 K. Calculate 
the molecular mass of haemoglobin if g = 981 and density of right hand column , 
be assumed 1g/cm?. 

6. Two liquids А and B are miscible over the whole range of composition and may 
be treated as ideal (obeying Raoult's Law). At 350 K the vapour pressure of pure 
А is 24.0 kPa and of pure В is 12.0 kPa. A mixture of 60% А and 40% B is distilled 
at this temperature; what is the pressure in a closed distillation apparatus from 
which air is excluded? A small amount of the distillate is collected and redistilled 
at 350 K; what is the composition of the second distillate? 


7. А liquid mixture of benzene (B) and toluene (T) contains | mole each of B and 


T. If P5. = 4.274 kN т > and Ра = 13.734 kN m”: 


(a) Calculate the pressure at which vapour first appears if the pressure over the 
mixture above 300 K is reduced. 

(b) What is the composition of the first trace of vapour formed? 

(c) If the pressure is reduced further, at what pressure does the last trace of liquid 
disappear? 

(d) What is the composition the last trace of liquid? 

8. Two liquids A and B are perfectly miscible. If A and В have molecular masses~* 
in the ratio 1 : 2, what would be the total vapour pressure of mixture of A and 
В in their mixture having 2: 3 weight ratio. P^ = 400 torr, РФ = 200 torr. 


9. A solution of I-propanol and 2-propanol having 3% by weight of 2-propanol has 
an equilibrium vapour pressure of 88.8 mm Hg. Another solution having Уз by 
weight of 2-propanol has an equilibrium vapour pressure of 68.3 mm Heg. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Calculate vapour pressure of pure alcohols at 40?C assuming ideal solution 
mixtures prepared at 40?C. 


A certain liquid mixture of two liquids A and B (behaving ideally) has a vapour 
pressure 70 torr (1 torr = 1 mm) at 25?C for a certain mole fraction X of A. For the 
same mole fraction X for B in the mixture, the vapour pressure of mixture is 90 
torr at 25°C. If P^, — Р = 40 torr, calculate P^, Рв and X. 


А 6% (by weight) of non-volatile solute in isopentane at 300 К has a vapour 
pressure of 1426 mm Hg. 20 g of isopentane is now added to the solution. The 
resulting solution has a vapour pressure of 1445 mm of Hg at the same temperature. 
Calculate: 

(a) Mol. wt. of solute. 

(b) Vapour pressure of isopentane at 300 K. 


The vapour pressure P in mm of СНЗОН — С,Н;ОН binary solution, at a certain 
temperature is represented by the equation: P = 254 — 119Х 

where X is mole fraction of C4H5OH. Find the vapour pressure of pure components. 
A current of dry № was successively passed through two saturator, one containing 
a solution of 8 g of non-volatile solute in 312 g СН, and other through pure 
СеНе. The weight loss in first was found to be 1.023 g while that of second was 
0.033 g. Calculate mol. wt. of solute. 


А current of dry air was passed through a series of bulbs containing 1.25 g of a 
solute А,В in 50 g of water and then through pure water. The loss in weight of the 


former series of bulbs was 0.98 g and in the later series 0.01 g. If the molecular 
weight of A,B is 80 calculate degree of dissociation of А-В. 


Calculate the weight loss of the liquids that would result by passing 10 litre of dry 
air through a saturator containing 60 g of glucose in 1000 g of water at 20°C. 
Aqueous tension at 20°C = 17.45 mm. 


An aqueous solution containing 288 р of a non-volatile solute C,H5,O, in 90 g 
water boils at 101.24°C at 1 atmospheric pressure. Calculate the molecular weight 
and molecular formula of solute. Ку for H,O = 0.512 К mol! kg. 

Calculate the density of glycol solution whose 2.976 litre on addition to 5 litre of 
water produce an antifreeze which protects automobile: radiator down to —20°С. 
Also calculate the temperature at which this solution’ will boil. Кү and Қ, 
for water are 1.86 and 0.51 K mol! kg respectively. 

What approximate proportion by volume of water (d=1 g mL !) and ethylene 
glycol (4-12 р ті!) must be mixed to ensure protection of an automobile 
radiator to cooling —10°С. K; HO = 1.86 К mol! kg. 

Two solvents AandB have К, values 1.86 and 2.72 K mol! kg 
respectively. A given amount of substance when dissolved in 500 g of A, it 
completely dimerizes and when same amount of substance is dissolved in 500 р 


of B, the solute undergoes trimerization. What will be the ratio of observed lowering 
of freezing point iu two cases? 
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Sea water is found to contain 5.85% solution by weight NaCl and 9.50% MgCl; 
solution by weight. Calculate the normal boiling point of sea water assuming 80% 
ionisation of NaCl and 50% ionisation MgCl,- Къ for H20 = 5.1 К mol! 100 g 
solvent. 

Heavy water (ОО) boils at 101.42°C and its molal elevation constant is 10% higher 


than that of pure water. Calculate the ratio of latent heat of heavy water and pure ~ 


water. 


A 10% solution of cane sugar has undergone partial inversion according to the 
equation: Sucrose + H,O ——» Glucose + Fructose 


If the boiling point of solution is 100.27°С, calculate: 
(a) Average molecular mass of the dissolved material. 
(b) The fraction of sugar inverted. 


The vapour pressure of water at 293 K is 2338 Pa and the vapour pressure of an 
aqueous solution is 2295.8 Pa. Determine its osmotic pressure at 313 K, if the 


solution density at this temperature is 1010 kg/m . The molecular weight of solute 
is 60. 


The. vapour pressure of a mixture of diethyl aniline and water is 
1.013 x 10° Nm ? at 99.4°C. The vapour pressure of water at this temperature is 
0.992 x 10° Nm ?. How many gram of steam are necessary to distill over 100 g 
of diethyl aniline? 

Calculate the b. pt. of a solution having 6 g sugar (5% by weight NaCl) in one litre | 
water. Assume latent heat of steam 2.25 kJ/g and complete dissociation of NaCl. 


The average O.P. of human blood is 7.7 atm at 40?C. Calculate, assuming molarity 
and molality be same: 
(a) Concentration of blood in molarity. 


(b) Freezing point of blood. Given K; of H,O = 1.86 К molality"! 

A solution of 6 g NaCl (5% by weight impurity of СаС1,) іп one litre of water has 
been prepared. Calculate its depression in freezing point Assume complete 
dissociation of both. Қ for Н,О = 1.86 К mol”! Kg. 

1.1 g CoCI4-6NH, (mol. wt. = 267.5) was dissolved in 100 g of water. The freezing 


point of solution was –0.306°С. How many mole of solute particles exist in solution 
for each mole of solute introduced if 100% ionisation of complex is noticed. 


К; for HO = 1.86 К mol! kg. 


A solution containing 10 g of a dibasic acid in 1000 g water freezes at 272.85 K. 
10 mL of this solution requires 12 mL of N/10 NaOH for complete neutralization. ~ 


If Кү for water is 1.86? тог ! kg, calculate van't Hoff factor for acid. 
Phenol associates in C,H, to double molecules. А solution of 2 g of phenol in 
100 g С.Н, has its f. pt. lowered Бу 0.72 К. К; for СН, is 5.12 К mor! kg. 


Calculate degree of association of phenol. 
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31. 





А metal M of molar mass 96 g mol"! reacts with fluorine to form a salt that can 
be represented as MF... In order to determine х, 9.18 р of the sample of the salt is 


dissolved in 100 g of water and its boiling point was determined to be 374.38 K. 
What is the chemical formula of the salt? Given Ку (water) = 0.512 kg тог! 
Assume complete dissociation of salt. 





МЕ 32. A solution of non-volatile solute in water freezes at -0.30*C. The vapour pressure 
of pure water at 298 К is 23.0 mm Hg and К; of water is 1.8 К kg mol !, Calculate 
vapour pressure of the solution at 298 K. 
Answers 

- 

1. 2.60х 103 ; 2. 275 х 10° 

3. 26.52 mm ; 4. 9.704 atm ; 

5. 649 x 10’; 

6. 21 kPa (II distillate), n4 = 0.857, ng = 0.143 ; 

7. (a) 9.004 к Nm ?, (b) 0.2373, (с) 6.519 К Nm 2, (4) 0.7626 ; 

8. 371.42 torr ; 

9. 2-propanol = 101.10 mm, 1-ргорапа! = 51.9 mm ; 

10. Ра = 100 ют, P5 = 60 torr, X = 0.25 ; 

11. (а) 56.65, (b) 1541.68 тт; 12. 254 mm, 135 mm ; 

13. 62 ; 14. 40.596 ; 

15. 0.1708 g 3 16. 1321.3, С44Нз8О44 3 

17. 1.12 g mL”, 105.48°С ; 18. 36:10; 

ГЫ АСВ 20. 102.29°С ; 

21. 1.02 ; 22. (a) 213.99, (b) a=0.60 ; 
А 23. 256х107Ра, 24. 570.66 g ; 

25. 100.013°С ; 26. (a) 0.3 M, (b) -0.558°С ; 

20:39: -5 

28. і-4 ..|Co(NH3)glCl —— Со(МНз)ё* + ЗСГ : 

29. 1.344 ; 30. 67.78% ; 

31. х=4 ; 32. 22.93 тт. 
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(c) II order : When both the reactants have same concentration 
1 Х 








д ead 
га (a — X) ы 
When both the reactants have different concentration 
„_ 2303 ‚__һ(а-Х) (14) 
A" Wa-b) A GOR i 
1 
1172 — Ka .. (45) 
unit of К = litre mol! time! .. (16) 
(d) III order : goat fuam) ‚. (17) 
12а (а-Х) 
пуу=—— . (18) 
2Ка” 
unit of К = litre? mol? те”! .. (19) 
4. General formula for 1) /: 11/2 ёс a ‚. (20) 
log Гү/2-10817 
(е праћен ИЕ е ш . (21) 
log a’ – log a 
5. General formula for unit of К : litre" ! mol! ^" time ! в @2) 


6. Parallel path reactions: A single reactant gives two products В, С simultaneously 
with different decay constants. 


For al order reaction: А 


Kı 
С 
dA 
ET (Кү + K2) A = Kay, [A] .. (23) 
where Kay, = (Кү + K2) .. (24) 


И after a time interval say x mol/litre of В are formed and y mol/litre of C are 
formed, then if reaction is carried out with A [at г = 0, [B] = 0 and [C] 2 | 


| OK 
z 2 . - (25) 

y 2 

АВ] d(C] Ki 
4 Е. .. (26 
Quo dt dt K ир 

Also K, = [Fractional yield of B] x Kay, i. руа 

К» = [Fractional yield of C] x Kay, .. (28) 


7. Sequential reactions: A reactant (A) decomposes to (B), which in turns decomposes 


: K, 
to (C), ге, (A) — — (B) — — (С) 


ж 


| 
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If г=0, |В]=0апа Ку < К, епа 1=/ 


Ki[Alo г - -К, 
к | 
Also maximum conc. of [В] at time г is given by 
Imax = 2:303. 0810 e 
K;-Ki Ky 


К, 


Ki | -К, 
{Bl max =: [Alo] = 


Kinetic Studies of Reversible Elementary Reaction: 
(a) Case I: First order – opposed by first order: 


К; 
А we в 

Ky 
t=0 Ад 0 
1-1 Ao-X X 


X, 
= 2308 toy Ха, 
Kp + Ky Хед. -Х 


(Хед. is the concentration of В at equilibrium) 
(b) Case II: First order – opposed by first order: 





K, 
А v В 
Ky 
t=0 Ao Bo 
1-1 Ao-X Во + X 





"коб в Xu -X 


Ха is the concentration of product formed at equilibrium) 
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. (29) 


. (30) 


.. (31) 


.. (32) 


. . (33) 
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The Basic Problems with Solution 


> Problem 1. Which of the following will react fastest (produce more product in a 
given time) and which will react at the highest rate? 
(a) 1 mole of 4 and 1 mole of B in 1 litre vessel. 
(b) 2 mole of 4 and 2 mole of B in 2 litre vessel. 
(c) 0.2 mole of 4 and 0.2 mole of B in 0.1 litre vessel. 
> Problem 2. №0; decomposes according to equation; 23,0; ——> 4МО, + О, 


dIN.O.1 
(a) What does — er denote? 





а[о 
(b) What does | = denote? 


(c) What is the unit of rate of this reaction? 
> Problem 3.  Dinitrogen pentaoxide decomposes as follows : 
1 4|М,О 
№0; —" 2NO, эл 5 0.. If, = «ғады = K [N50] 
74 с 
d[NO;] 


а К №0 
d[O;] ] ver 
T = K" [№05] 


Derive a relation in А”, К” and К”, 
> Problem 4. The reaction; 2NO + Br, ——? 2NOBr, is supposed to follow the 
following mechanism, 


fast 
(i) NO + Вг, === МОВг, 


slow 


(ii) МОВг, + NO — —» 2NOBr 
Suggest the rate law expression. 
» Problem 5. The thermal decomposition of М,О, occurs in the following steps : 


slow 





Step II №0; + NO, — > 3NO, + 0, 
Overall reaction 2М,0, —— 4МО, + 0; 


Suggest the rate expression. 
»- Problem 6. It has been proposed that the conversion of ozone into О, proceeds in 
two steps : 
Оуу === Оу + Об) 
Оза 2 Об) » 20 
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» Problem 7. 


» Problem 8. 


» Problem 9. 


» Problem 10. 


> Problem 11. 


> Problem 12. 


> Problem 13. 


» Problem 14. 


(a) Write the equation for overall reaction. 
(b) Identify the intermediate, if any. 
(c) Derive molecularity for each step of mechanism. 
Derive the relationship between rate of reaction, rate of disappearance 
of X, Y and rate of formation of X^ ¥ for the reaction : 
2X + 3Y —> XY, 
For the reaction; 4NH3( + 505 —— 4МО,) + 6H20¢), the 


d [NH 
rate of reaction in terms of disappearance of NH; is — Ma, then 


write the rate expression in terms of concentration of О,, NO and 
Н,О. 
The decomposition of N5O; in ССІ, solution at 318 К has been studied 
by monitoring the concentration of N2O; in the solution. Initially the 
concentration of МО, is 2.33 M and after 184 minute, it is reduced to 
2.08 M. The reaction takes place according to the equation : 

23,0; —— АМО; + О, 
Calculate the average rate of this reaction in terms of hour, minute 
and second. What is the rate of production of NO, during this period? 
The reaction; 23,0; ——> 4МО, + О», shows an increase in 
concentration of NO, by 20 x 1073 mol Ійге ! in 5 second. Calculate 
(a) rate of appearance of NO», 
(b) rate of reaction and 
(c) rate of disappearance of М.О... 


For the decomposition reaction: N;O4,, ——? 2NO», the initial 
pressure of М,О, falls from 0.46 atm to 0.28 atm in 30 minute. What 
is the rate of appearance of МО»? 
The rate of change in concentration of C in the reaction; 
ЗА + B ——> 2C + 3D, was reported as 1.0 то! litre"! зес“!, Calculate 
the reaction rate as well as rate of change of concentration of A, B, 
and D. 
А chemical reaction 24 ——> 4B + С; т gaseous phase shows an 
increase in concentration of B by 5 x 10? M in 10 second. Calculate: 
(a) rate of appearance of B, 
(b) rate of the reaction, 
(c) rate of disappearance of A. 
rom the rate expression for the following reactions, determine their 
order of reaction and the dimensions of the rate constants. 
(MINO u —— №О + МО): Rate = KINO]? 
(b) О) | M + 2H' —— 2Н›О у +В; 

Rate = K[H20;] [T ] 


(1q.) 
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» Problem 15. 


> Problem 16. 


> Problem 17. 


> Problem 18. 


> Problem 19. 


> Problem 20. 


> Problem 21. 


> Problem 22. 


> Problem 23. 


> Problem 24. 
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(©) СНСНО у —9 СН, + СО); Rate = КЇСН,СНОР2 
(d) СНС) + Cla) —9 СО + НС); 
Rate = K[CHCI4][CL]!? 
(е) СНС, — C2H4) + НСІ); Rate = KIC;HsCI] 
The reaction; 24 + B + C —— D + 2Е; is found to be I order in A, 
II order in В and zero order in C. - 
(a) Write the rate expression. 
(b) What is the effect on rate on increasing the conc. of 4, B and C 
two times? 
For ; 24 + В + C —— Products, calculate the; 
(excess). 
(a) rate expression. 
(b) units of rate and.rate constant. 
(c) effect on rate if concentration of 4 is doubled and of B is tripled. 
Find the order of reaction for the rate expression rate = K[A] [5] А 
Also suggest the units of rate and rate constant for this expression. 
For a reaction; 34 ---> Products, it is found that the rate of reaction 
becomes nine times if concentration of А is increased three times, 
calculate order of reaction. 
The rate for the decomposition of NH; on platinum surface is zero . 
order. What аге the rate of production of N, and H; if K = 2.5 х 107" 
mol litre"! 57), 
At 25°C, the rate constant for the reaction Г + CIO —— IO + СГ 
is 0.0606 litre mol"! sec^!. If a solution is initially 1.0 М in Г and 
5.0 x 10% Min CIO". Can you calculate the [CIO ] after 300 sec. If 
yes, then how much. If no, then why? 
Inareaction; 24 > Products, the concentration of А decreases from 
0.5 mol litre ! to 0.4 mol litre"! in 10 minutes. Calculate rate during 
this interval. 
In a reaction; nj4 + mB ——> тС + тр, 5 mol litre"! of А are 
allowed to react with 3 mol litre"! of B. After 5 second, the 
concentration of 4 was found to be 4 M. Calculate rate of reaction in 
terms of A and D. 
For the reaction; 24 + В+ C — А,В + С. 
The rate = КАЦВГ with K = 2.0 x 1075 М? s^. Calculate the initial . 
rate of the reaction when [4] = 0.1 M, [B] = 0.2 Мапа [C] = 0.8 M. If 
the rate of reverse reaction is negligible then calculate the rate of 
reaction after [4] is reduced to 0.06 M. 
A reaction is second order with respect to a reaction. How is the rate 


of reaction affected if the concentration of the reactant із: 
(a) doubled, (b) reduced to 1/2? 
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» Problem 25. 


» Problem 26. 
~ 


» Problem 27. 
» Problem 28. 


» Problem 29. 


» Problem 30. 


b 


». Problem 31. 


» Problem 32. 


ha Problem 33. 


А reaction is first order in А and second order in В: 

(i) Write differential rate equation. 

(ii) How is the rate affected when the concentration of B is tripled? 
(11) How is the rate affected when the concentration of both 4 and B 

is doubled? 

The rates of most reactions double when their temperature is raised 
from 298 K to 308 K. Calculate their activation energy. 
Calculate the rate constant and half life period for first order reaction 
having activation energy 39.3 kcal mol ~! at 300°C and the frequency 
constant 1.11 x 10!! зес 1. 
The specific rate constant for the decomposition of formic acid is 
5.5 x 107 ес ! at 413 К. Calculate the specific rate constant at 458 
K if the energy of activation is 2.37 x 104 cal mol”. 
The temperature coefficient for the saponification of ethyl acetate by 
NaOH is 1.75. Calculate the activation energy. 


The experimental data for the reaction, 24 + B, ——> 2АВ are as 
follows. Write probable rate expression; 
[A] [B] Rate x 10 
mol litre"! mol litre"! mol litre! вес”! 
0.50 0.50 1.6 
0.50 1.00 32 
1.00 1.00 32 


Ina reaction between A and B, the initial rate of reaction was measured 
for different initial concentrations of 4 and B as given below : 


A/M 0.20 0.20 0.40 
B/M 0.30 0.10 0.05 
ry Ms"! 5.07 х 10° 507x10° 7.6х 107 


What is the order of reaction with respect to 4 and B? 
The reaction between А and В is first order with respect to 4 and zero 
order with respect to B. Fill in the blanks in the following table : 


Experiment [АУМ [BM Initial rate/M min 
| 0.1 0.1 2.0 x 107 
T ba 0.2 4.0 x 1072 
Ш 0.4 DAN dn qa айн 
IV мн 0.2 2.0 х 10-2 


Ihe dats given below are for the reaction of NO and Cl, to form 
NOCI at 295 К. 


[Ch] [NO] Initial rate x 10? (mol litre’ вес!) 
0.05 0.05 1 
01% 0.05 3 
0.05 0.15 9 


(а) What к. the order with respect to NO and Cl, in the reaction? 
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> Problem 34. 


> Problem 35. 


»- Problem 36. 


> Problem 37. 


> Problem 38. 


> Problem 39. 


> Problem 40. 


» Problem 41. 
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(b) Write the rate expression. 

(c) Calculate the rate constant. 

(d) Determine the reaction rate when conc. of Cl, and NO are 0.2 M. 
and 0.4 M respectively. 

The decomposition of N5O; at an initial pressure of 380 mm and 

50°С is 5096 complete in 56 minutes and 7196 complete in 100 minutes. 

What is the order of reaction? How much of N20; will decompose in 

100 minutes at 50?C but at an initial pressure of 500 mm? 

The decomposition of М,О, takes place according to I order as 

230; ——> 4МО, + 0, 

Calculate : 

(a) The rate constant, if instantaneous rate is 1.4 х 1075 mol litre"! 
бес”! when concentration of №0; is 0.04 M. 

(b) The rate of reaction when concentration of N20; is 1.20 M. 

(c) The concentration of М,Ос when the rate of reaction will be 
245 x 107 mol litre"! sec". 

Calculate the rate of reaction for the change 24 ——— Products, 

when rate constant of the reaction is 2.1 x 1077 time ! and [Alh = 

0.2 M. 

Ina pseudo first order hydrolysis of ester in water the following results 

were obtained : 

Us 0 30 60 90 

[Ester]/M. 0.55 0.31 0.17 0.085 

(1) Calculate the average rate of reaction between the time interval 30 
to 60 seconds. 

(ii) Calculate the pseudo first order rate constant for the hydrolysis of 
ester. 

Calculate the half life of a first order reaction from their rate constants 

given below : 

(а) 200 571, (Ы) 2 тиг! (c)4 year. 

The rate constant for a first order reaction is 60 877. How much time 

will it take to reduce the initial concentration of the reactant to its 

116" value? 

During nuclear explosion, one of the products is 906г with half life of 

28.1 yr. If 1 ug of Sr was absorbed in the bones of a newly born 

baby instead of calcium, how much of it will remain after 10 year and , 

60 year if it is not lost metabolically. 

For the decomposition, МО у —— NO, + Оу the initial 

pressure of М,О, is 114 mm and after 20 sec., the pressure of reaction 

mixture becomes 133 mm. Calculate the rate of reaction in terms of 

(a) change in pressure sec! and (b) change in molarity sec! 

Given that reaction is carried out at 127°C. 
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» Problem 42. 


» Problem 43. 
» Problem 44. 


> Problem 45. 


» Problem 46. 


» Problem 47. 


> Problem 48. 


> Problem 49. 


> Problem 50. 


> Problem 51. 


» Problem 52. 


А substance reacts according to I order kinetics and rate constant for 
the reaction $ | x 1072 sec '. If its initial concentration is 1 M. 

(a) What is initial rate? 

(b) What is rate after 1 minute? 

A first order reaction takes 69.3 minutes for 50%.completion. How 
much time will be needed for 80% completion? 

Show that time required to complete 99.9% completion ofa first order 
reaction is 1.5 times to 90% completion. 

Thermal decomposition of a compound is of first order. If 50% sample 
of the compound is decomposed in 120 minute, how long will it take 
for 9096 of the compound to decompose? 

A first order gaseous reactions has К = 1.5 x 107 sec! at 200°C. If 
the reaction is allowed to run for 10 hour, what percentage of initial 
concentration would have changed into products. What is the half life 
period of reaction? 

The rate constant for a first order reaction was found to be 0.082 
min !. If initial concentration of reactant is 0.15 M.how long would it 
take, 

(a) to reduce the concentration of A to 0.03 M. 

(b) to reduce the concentration of 4 by 0.03 M. 

The following data represent for the decomposition of NH4NO, in 
aqueous solution. 

Time in minutes 10 15 20 25 © 
Volume of М. (іп mL) 6.25 90 11.40 13.65 33.05 
(a) Show that reaction is of first order. ' 

(b) Calculate velocity constant. 

Derive the order of reaction for decomposition of Н,О, from the 
following data. 

Time in minutes 10 15 20 25 © 
Volume of O, given by Н,О, 6.30 895 11.40 13.5 35.75 
Derive order of reaction for the decomposition of Н,О, from the 
following data. 

Time in minutes 0 10 20 30 
Volume of KMnO, needed for Н,О, 25 16 10.5 7.09 
The pre exponential factor for free radical addition of chlorine is 
2 x 10P сес”. Find out the rate constant of this reaction at STP. Given 
К = 8.314 J/mol-K. 

The rate constant of a certain reaction is given Бу: 


212 
10510 K= 5.4 — E 2.17 logio T 


Calculate the activation energy at 127°С. 
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Answers 
1. See solution 2. See solution; 
3. 2K = К" = 4К" 4. rate = КЧМОр[Вг,]; 
5. rate = K[N5O4] ; 
6. (а) See solution, (b) О (р), (c) First step is unimolecular and second is bimolecular. 
7. See solution ; 8. Seesolution ; 
9. 679x10* M min !, 
1.13 x 10° Ms 
4.076 х 10? Mhr! 
2.716 х 10? Мшш |; 
10. (4)4х 1073 mol litre! sec", 
(b) 1 x 107 mol litre ! зес“!, 
(c) 2 x-10? mol litre! зес“!; 
11. 12х107 Am min [t 
12. 1.0 mol litre! sec 7l 0.5 mol litre"! sec !, 
1.5 mol litre! sec rt 0.5 mol litre! sec"! ; 
13. (a)5 х 107 mol litre! sec!, (b) 1.25 х 10+ mol litre! зес“!, 
(c) 2.5 х 1075 mol litre"! зес“!; 
14. See solution ; 
15. (a) KIA] [BY [C], (Буг; = 8n ; 
16. (a) KLAY'[B] [C]', (b) Unit of rate = mol litre"! time"!, 
Unit of rate constant = litre тог! time !, (c) r, = 3r; 
17. 1.67, unit of rate = mol litre! mE 
unit of rate constant = mol?” litre"? time"! 
18. 2; 
19. For N3 = 1.25 x 10 * mol litre! sec^!, For Н = 3.75 x 10^ mol litre! sec”! ; 
20. See solution; 
21. 0.005 mol litre"! minute; 
22. Ford =0.2 Ms ^; For D= om x 0.2 Ms"; 
1 
23. 3.89 x 10? mol litre"! time"; 
24. (а) ғ! =4ro, (b) ғ = - то; 
25. (i) K[A] [BP (ii) r, = 9r, (iii) ғ = 870; 
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26. 52.903К): 27. 1.14х 10 sec^!, 6078 sec; 
28. 938x10? sec !; 29. 10.207 kcal mor !; 
30. „= ків; 
31. 0 for B; 0.58 for А; 
32. 01-02, (III) 8 x 107, (IV) 0.1; 
33. (aNO-2,Ch-1, (b) КІСІ] МО], 
(c) 8 litre? тог sec^!, (d) 0.256 mol litre"! ес”; 
34. order, 71%; 
35. (а) 3.5 х 107 sec, (b) 4.2 x 1077 mol litre"! sec™!, (с) 0.7 mol litre; 
36. 42x10 mol litre! ес”: 37. 196х107; 
38. (а) 3.465 х 107° sec, (b) 3.465 x 107! min, (c) 1.733 х 107! yr; 
39. 0.0462 sec !; 
40. 0.7814 ug, 0.227 ыр; 
41. 2.5 х 10? atm sec! , 7.61 x 10? М6”; 
42. (a)lx 10-2 mol litre"! sec", (b) 5.49 x 1073 mol litre"! sec !; 
43. 160.97 minute; 44. See solution; 
45. 398.78 min; 46. 5.25%, 128.33 hr. ; 
47. (a) 19.63 minutes, (b) 2.72 minutes; 
48. Тогіег; K=2.0 x 1072 гай”, 49. Тогдег; К = 1.92 x 10-2 тиг”, 
50. I order; 51. 2x10” sec; 
52. 2712 cal 
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Solution 


Solution 1. (1) (b) will react fastest because of more reactant present, there will be 
more product produced per unit time. 
(ii) (c) will react at highest rate because [4] and [В] are highest and thus 
rate will be more. 
Solution 2. (a) Rate of decomposition of N,Os. 
(b) Rate of formation of O}. 


(c) Unit of rate = mol litre! time". 





: à d[N50;] | d[NO;] 4[O;] 
5 а eo Ec M дар — 
Solution 3. For the given change di 2 2 F 
l 
On substituting values, К’ [3,0;] = 2 K" [N50;] = 2K"" [NOs] 
ог 2K' -K"-4K" 
Solution 4. The rate expression is derived by step II of the mechanism, as it is the 
slower one 
rate = K[NOBr,][NO] 41) 
However, МОВг, is an intermediate and thus its concentration should 
be replaced 
from equation (1). 
Р prm ж: eal. 
or step (I) Equilibrium constant К, = [NO] [Вг] 
[NOBr;] = K,[NO][Br;] ...(2) 
Thus by eq. (1) and (2) Rate = K' | ХОГ Вгэ| 
Solution 5. Rate = K[N,Os]. (from slow step). 


Solution 6. (a) Addition of the two steps gives the overall reaction : 





20349, — 30, 
(b) Intermediate is О). 
(c) The first step is unimolecular. The second step is bimolecular. 
; ins _ AXI. 1 А] _ A[X; У] 
Solution 7. Average rate of reaction = — Б; COEM N 
l d[X l Y 
Instantaneous rate of reaction = -5 ae ЕА i e ni 
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Solution 8. АМН; + 50, —— 4NO + 6Н,О 





5 6 
ог NH; + уор? МО + 4 РО 
d [NH;] 
dt 
d [NH;] 
dt 


Then, rate of disappearance of NH; = 


Also, rate of reaction = — 


за d 6 eet 


; _ 1 АМ,0,|  1[208-233] 
Solution 9. Average Rate = — Е mes Бэ 2 


= 6.79 x 10. M тіп! 





1 
oo ЕЕ, -1 
= 6.79 x 10 х eo № 


= 1.13 x 105 Ms” 
= 6.79 x 1073 x 60 Миг! 
= 4.076 x 107 Миг! 


E __1А1М0;] 1 A[N50,] 
39 4 A 2 At 

АМО]  1АМ,0,1.,. 

AL “ы "" 

= 6.79 x 1074 = 2.716 x 107 Mmin ! 


6.79 ^ i9 5 x 4 


Solution 10. Increase in concentration of МО, = 20 x 1073 mol litre"! 
time taken = 5 sec 
A[NO,] 20x10? 
At : 
= 4x 10? mol litre™ sec 
1 AIN;O,] 1 A[NO;] А0, 
2 At At At 
--х4х107 
1 х 1073 mol litre"! ес"! 
_ 414051 _ 1 A[NO;] 
At 2 At 


(a) .. Rate of appearance of NO, = 
zi 


(b) Rate of reaction = — 


| 
— 4 


+ 


(c) Rate of disappearance of ЧО; 


24x 103 
1 


2 x 10 mol litre! вес” 
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d[N,O 1 ајмо 
Solution 11. Rate of reaction = — 4IN;04] =~ А 
——— dt 2 dt 
1 d[NO,] (028-046) 
tee а 30 
1 d[NO БЕРЕ 
2 а! 6 9 
d [NO,1 
ахол -12 x 107 atm шиг! 
dt 
NEL. ыы pde WB) ла ale] lab] = 
Solution 12. Ме have, 15 OMA > 5 WD rate of reaction 
ЧС] _ АУЫ 
= 1.0 mol litre * sec 
dt 
4[4] 4101 | Ur Fr ж/е 
- E T = 1.9 mol litre sec 
UIS (Ci теі 
nA T .5 mol litre ~ sec 
aD] _3 4С] 3. _ ТТЕ РЕР 
Tug Tu ane x | = 1.5 mol те sec 
Al ae oe Ше] 
SO, ate 2 di 
1 
Rate = > x 1 = 0.5 mol litre ' бес”! 
$ 8 553 
Solution 13. (а) Rate of appearance of В = ingreasesin A] = аш... 
——- time 10 
=5x10°Ms"! 
(Mis mol litre |) 
m qp EPI 
(b) Also, rate o reaction = - = ae l4 
ldi4 | m 
55 ae ud. 
"X x zd sec 
(c) rate of disappearance of = 1.25 x 2x 107 
22.5 x 10” M sec! 
Solution 14. (a) Second order ; Litre mol" time! 
(b) 4 : do 


(c) 3/2 order : Lire! mor!” time! 
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(d) —do— ;  -—-do— 
(e) First order E time 
Solution 15. (a) Rate = КТА]! [B [C]? 


(b) Let initial conc. of А, B and C be a, b, and c mol litre ! respectively 


Then, Rater; = К al b? c 441) 
Now if conc. of A, B and C are doubled, i.e. 2a, 2b and 2c respectively, 
then, 

ry = Ka)! (2bY (2с)? ...(2) 
D 1 
By eqs. (1) and (2), n sg ғ) = 8r, 


Solution 16. (a) Rate = КТА] [5]! [C]! 


(b) Unit of rate = mol litre! time"! 
Unit of rate constant = litre mol! time"! 
9, Let initial conc. of 4, B and C be a, and c, respectively. 
^ = К (ay (b)! (о)! 401) 
Now ae 2а; [B] = 3b 
; ry = К (га) (ЗЬ)! (c)! -(2) 
r Ї 
Ву eqs. (1) апа (2), 75 = 3 
: Бәз эг, 
Solution 17. Rate = К [4] [B]? 
2: 085 
Order of reaction = 1 + $41 1.67 
NEC rec 
Unit of rate qiiis mol litre time ” 
банш 8 а те dx | dt mol litre ! t ' 
nit of rate constant : rate constan CIEL eee 
[reactant УЗ (ma) 5 
litre 
= mol? litre’? (ge! 
Solution 18. Rate = К [Reactant]" 
‘if [Reactant] =a; rate =r} 
8, = К [a]" 
if [Reactant] = За; rate = 9r, 
9r, = К [3а]" 


HT 


п=? 


478 NUMERICAL PHYSICAL CHEMISTF Y 








Solution 19. 2NH, --» № + 3H). 
1 d[NH,]  4[N;] 1 ан) 
ro a а MES ONG 
Rate = K[NH;]° 
ар) 4 
ог CUTE = 2.5 x 107 mol litre! s^! 


d[N; | 
P 1. 2525х 107 = 1.25 x 10% mol litre! 7! 


а(н) 3 
аш. 2*25x 104 = 3,75 х 10% mol litre" 


Solution 20. Мо doubt the unit of rate constant shows that it is II order. But it is ` 


necessary to know the rate law expression, which from the statement of 
the problem, could be any of the аи (given Delay) 
Rate = КП [CIO] or Rate = К ГР or Rate = қаю? 


Solution 21. Rate of reaction = rate of disappearance of A 
18 - 141)  1[05-04 
e йй) 2 10 | 
= 0.005 mol Інге minute"! 


Solution 22. Change in [A] in 5 sec. - 5 М-4М=1М 


4 


Rate of reaction in terms of А = — etl = а = 0.2 М sec! 
Also, zur dta] Je rp) 
n dt m, dt 
Rate of reaction in terms of D - 415] - ps x 0.2 M sec! 
Solution 23. Rate = К [A][B?’ 


[4] 2 0.1 M, [В] 20.2 M, К= 2.0 x 1079 
Initial rate = 2.0 x 109 x 0.1 x (0.2 
=8 x 10? mol litre! time"! 
New rate when А is reduced to 0.06 Mand В is 0.18 M. See stoichiometry 
of reaction. 
Rate 2.0 х 106 x (0.06) х (0.18? 


3.89 x 1077 mol litre ! time! 
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Solution 24. Given, rate (ry) = К [AT 





(a) If [4] is doubled : ”-К|24Г 2. гу = 4 
4T 1 
(b) If [4] is reduced to half: — њ= к“ E њ= 70 
. - dx ЕЕ" 
Solution 25. (i) Rate now К [4] [В] 
(ii) = К [4] (ВР 
rı = К [4]! [33]? 
ire ri -9х го 
(ii) ro = К [4! [В 
r7 К [24] [28]? 
ғ; = 8 х го 
Solution 26 2.303 ор 2 = E 2-1 
olution 26. з og K, R| Тт, 
К, 
I 
204108 3314 308x298 
Е, = 52.903 x 1031 or E, = 52.903 kJ 
olution 27. Given: 4-1.11 x 10! sec! ; Е, = 39.3 x 103 са тог! ; 
В = 1.987 cal; Т = 573 К. 
Еа 
In К »InA- RT 
ог logio К = logy) 4 – Seer 


ж 393x10 | 
logio К = logio 1.11 x 107 —12 303 1987 х573! 
К =1.14 x 107 sec! 
0.693 0693 


К О = 6078 sec 


Also for first order, fin = 


Solution 28. Given : 
К,-?, К,=55х10“, В-1987са, T,-413K, 7,-458K 
E, = 2.37 х 10° cal тог! 
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Solution 29. 


Solution 30. 


Solution 31. 
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К, -1 
2.303 1027 = zin 
Ki R TT, 
К, 237 x10* [458—413 
2.303 log 55x10^ — 1.987 [жд 


К, = 9.38 x 1075 sec! 


Given: 23-15 
Iven : Га = 


Т = 25°С = 25 + 273 = 298 K, Т; = 35°С = 35 + 273 = 308 К 


(Since temperature coefficient is ratio of rate constants at 35°С and 


25?C respectively.) 


Е:11.-1 
R| ТТ, 


E, | 308-298 
1.987 | 308 x 298 


Е, = 10.207 kcal mor! 


К, 
2.303 log - 


2.303 log 1.75 


Let rate expresion be: rate = K[A]" [8,]" 

Thus, 1.6 x 10 = К (0.5)" (0.5)! 
3.2 x 107 = K (0.5)" (1.0)" 
3.2 x 10 "= K (1.0)" (1.0) 

By (i) and (ii) п=1 

By (ii) and (iii) т=0 


гаіе = = [8,] 


Let the rate expression Бе r= К [A]"[5]" 
5.07 x 107 = К [0.20]"[0.30]" 
5.07 x 107° = К [0.20]"[0.10]" 
7.6 x 107 = К [0.40] [0.05]" 


By eq. (1) and (2) 1 = [3]" г. n-0 
от 
Ву ед. (1) апа (3) nu В х (6| 
1 507 
pw 76 |2 
m = 0.58 


Thus, reaction is 0.58 order т 4 and zero order in В 


(1) 
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Nolution 32. 


SNolutlon 33. 


Solution $d. 


Solution „9, 





(П) —іѕ 0.2; (II)—is 8 х 107; (IV)—is 0.1 


For the reaction; 2NO + СІ, ——> 2NOCI 

Rate = К [Cl,]” [NO]" .401) 
Where, т and n are order of reaction w.r.t. Cl; and NO, respectively. 
From the given data : 


1 x 10? = К [0.05]" [0.05]" ...(2) 
3 x 10? = К [0.15] " [0.05]" | 3) 
9 x 10-3 = К [0.05] " [0.15]" (A) 
Пу eqs. (2) and (3), 
m= 1 
Пу соч. (2) and (4) 
п=2 


(и). Order with respect to NO is 2 and w.r.t. to Cl, is 1. 
(b) Also, rate expression г = К [CL]! (мо, 


r 1x10? 
(с) And rate constant., К = ІСІ, мор + [0.05] (0.05 
= 8 litre? mor? sec! 
(4) Further, r = K [CL]! [МО] = 8 [0.2]! [0.4]? 


= 0.256 mol litre! sec! 


lhe first order rate equation is, 
2.303 а 
log (a —x) 
We have lor 20% completion of decomposition in 56 min. 


2.303 100 2.303 





A 


К = === log = === x 0.3010 = 0.0124 min! . 
29 20 50 
For 71% completion of decomposition in 100 min, we have 
_ 2303 100 2303 i 





og = x 0.5376 = 0.0124 тіп” 


100 29 100 
A constant value of K indicates the order of reaction to be one. 
АМ tor | order tjj, ос (а). Thus 7196 of the reaction will be completed 
nt intilal pressure of 500 mm. 


(а) КметК(М,0,| 


14101769 5 1 
ue лы х 10^ = 
T 004 - 5 x 10 " sec 


(b) Also rale = К [N50;] 
3.5 x 10? x 1.20 = 4.2 x 1075 mol litre! sec! 

(с) ийн mie © К IN Os] 
2.45х 107 


355105 797 mol litre ! 
әх 


[Nj] 
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Solution 36. The unit of rate constant suggest it to be first order. 


Thus rate = К [A] 
-2.1x 105 х 0.2 = 4.2 x 1075 mol litre! бес! 




















Solution 37. (i) А te of reaction = Alester] 
olution 37. (i) Average rate of reaction Aime 
0.17-0.31 E =] zl 
= 60-30 467 х 107° molL 5. 
ы 2.303 abe 
(ii) K= log CS 25 
Where a is initial conc. of ester (1-0) and х is the concentration of ester 
at time t. 
к= 2393 „955 | оу чо 
1 30 80317 
Eje 2289 41565102 
27 69 5017 
K u 2.303 1 055 ^ ^s + л=2 
3 og 0.085 Z1 ^ 10 
Thus, к= Ett Ка 191x107 «196x107 «201x107 
: 3 3 
= 1.96 x 10? 
0.603 0.693 
Solution 38. (a) пр = ад =3.465 х 1077 sec 
0.693 0.693 
(5) tn= g 7 3 = 3.465 х 10" шт 
0.693 0.693 E 
с uai. yr 
(c) ip^ y 4 = 1.733 x 10 
ed уы 2305. a 
olution 39. nS K 8 (a — x) 
If а= 1 then (a- х) = 1/16 
а ЗАТЕ TP CT 
98171600 sec 
| dn 0693 | 
Solution 40. пр 5г -281yr 2 К = Эвр У 
СЕЕ == о. 
2.303 а 








Now, t K log; А а“ lpg 
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2.303 х 28.1 1 
at {= 10 yr 10 = 770693 ЮВ a-x) 
amount of Sr left = (a – х) = 0.7814 ug 
_ 2.303 x 28.1 1 





at (— 60 уг 60 — 0.693 ОЁ (a — x) 


(a - x) = 0.227 pg. 








Solution 41. №0; ==> КО) + Ох, 
Initial pressure P 0 0 
Pressure al ¢= 20 (Ф-Р) Р Р'2 
Р Р 
Glven P = 114 mm; РЇТГ 133 mm, .. (£)-19 mn. ^ Р'=38 тт, 
Им rate of reaction in terms of change in pressure = 38/20 
=1.9 mm вес”! 
= 2,5 x 10? atm sec ! 
Also we have PV =nRT 
n P 
т y “CIRT 
Ch i tration in 20 =т= 
ange in concentration in 20 sec = гу 00821 х 400 
= 1.52 x 10° M 
ын. : 152 х 1073 
Rute iid reaction in terms of change in conc. = FA) > 
= 7.61 x 105 M sec! 
Solution 42, (w) Initial гаје = К [Reactant]! = 1 x 102 x [1] = 1 x 1072 
Rate = 1 x 10? mol litre ! бес! 
бык g- 238 —2 
(b) Now, = Wa og (a - x) 
2.303 1 
r2 = у az stu kg = 1 = 
10 1x60 log 0-3) (У £= 1 minute = 60 sec.) 
(1-х) = 0.549 
Rate айег 1 minute = K [Reactant] after 1 minute 
= К [0.549] = 107 [0.549] 
Rute after 1 minute = 5.49 x 1077 mol litre! sec! 
0693 0693 . _, : 
Solution 43. К= — 7-4 minte . (У л„=69.3 min.) 
уста 1/2 693 
2.303 100 


Now, K- ЕЕ log 20 [If a = 100, х = 80 and a- x = 20] 
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0.693 2303 
693 t 
{= 160.97 minute 


Solution 44. For 99.9% completion [4], = 100 [4] = 0.1 


2.303 100 2.303 
199.9% к -log 01 ^ K 


log 5 





x3 
РЕДА _ 2.303 100 2.303 
Similarly 199% = к ов“, been 2 
199,994 7 1-3 X Годо. 
Solution 45. Given : 150% = 120 minute 


к-23® „Мо 
г % ү 








Б М 
2 ® X 3 
Юг 50% decay К 120 log М,/2 (N = №/2) 40) 


2303 | Ng 
t 9E No 710 
By (i) and (ii) t = 398.78 minute 





for 9096 decay K- (М = №/10) 10) 


Solution 46 Е) 
olution 46. K 08 y 


Given : К = 1.5 x 1075 sec ! (thus reaction is 1 order), / = 10 hour 
2.303 № 


10 x 60 x 60 = — — —. lea 
15x10$ М 


№ 10555 
М VT . 


М-0.9475 x № 
Product formed = № — 0.9475 № 
= 0.0525 № = 5.25% 
Also пр = 0593 a; 1692. 
К 1-5х10 
= 462000 sec = 128.33 hr. 


Solution 47. Case (a) : Given K = 0.082 min !, 1414 = 0.015 M, [4], = 0.03 M. 





_ 2303 [4h (2303 015 
к ?E[4] 0082 98003 





- 19.63 тіп. 
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Case (b) : Given К = 0.082 min !, [A] = 0.15 № 
[4], = 0.15 – 0.03 = 0.12 M 





2243, Верно 9 
Миг, ар т 
Solution 48. NH4NO; == Nag) + 260, 
Moles at = 0 a 0 0 
Moles at t = ¢ (a — x) x 2x 


The volume of №, formed at any time is proportional to the amount of 
МИМО» decomposed in that time. 


At 1 = о Ум, = 33.05 т ~». а « 33.05 
0) At t- 10 Ун, = 6.25 mL Ч хох6.25 
ull) At [= 15 Ун, =9.0 mL 3 хе<90 
(Ш) At ~ 1520 Vy, = 11.40 mL д xe 11.40 
(IV) At 1-25 Ун, = 13.65 т. . хх 13.65 
2.303 а 
Now use, К = ^ с 


2.303 33.05 
10 83305-625 
К = 2.0 х 107 min” 
Sunilarly, calculate К for each case. The values of К come almost 





Case l: K= 








constant nnd thus, showing that reaction is | order. For К, take average 
ut all vide ol A 
моћи он 19: Volume of O, at any given time ос Moles ОГН,О, decomposed 
 . m a ос 35.75 
At £710, xo630 ~ каса log = 1.94 х 10? 
А! 17:15, х«8,95 ~. јр == bee ur 192 x 107? 
15 35.75 - 8.95 
А! 1-20, хх 11.40 .. Ke Seopa 1.92 x 107 
20 35.75 - 11.40 
At 1-25, x«13.50 .. И 1.90 х 10-2 
25 35.75 - 13.50 


Since К values are constant using first order equation and thus, reaction 
obeys first order kinetics 
K 1.92 x 107 тиг! 


Solution 50. The volume of KMnO, used at any time is proportional to conc. Н,О, 


at that time. 
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Solution 51. 





Solution 52. 
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At t=0 9:925 53 ах 25 
(i) А {= 10 V=16 я (a —x) « 16 
(ii) А: 1=20 = 10.5 m (a - x) « 10.5 
(iii) At 1= 30 V — 7.09 2 (а-х) ә 7.09 
_ 2.303 а 
Now use, K- Е log (a-2 -5) 
For (i к = 2303 625. = 4.46 x 19? шиг" 
or (i) - 10 198 16 Н тіп 
z 42303... 25" 5 тж. 
Еог (11) К- 20 log 105 ^ 4.34 x 10 ^ min 
For (iii к- 2%, 2. «420x192 mmn 
or (iii) 30 98799 ^4 min 


The values of K come almost constant and thus confirming first order 
reaction. For velocity constant, take average of all values of K. 


Free radical addition reactions have E, — 0 
Thus from К = нет (if E, = 0) 
K =А =2 х 10" вест! 


12 
logio К = 5.4 = + 2.17 logio T 


212 x 2.303 
or In K =54 x 2.303- *217InT 
4, Tt 212x2303 217 
or a nk = 0+ ти Т 
d [488236 1 2.177] 
ca Т? 
а Е 
—InK -—$5 (Arrhenius equation) 
dt Ri 


E 
E = 488.236 + 2.177 


if T 127°С E, =2 х [488.236 + 2.17 х 400] 
= 2712 cal 
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> l'robilem 


» о си 2. 


» Problem 5, 


> Problem 6. 


> Гайс 7, 


> Problem 8. 





Selected Problems with Solutions 


For the reaction 2М0; + F; — 2МОЕ, the experimental rate law is 
r= К [МО [Р]. Propose the mechanism of reaction. 


'The rate of decomposition for methyl nitrite and ethyl nitrite can be given 
in terms of rate constant (in sec!) К| and К» respectively. The energy 


of activations for the two reactions are 152.30 КІ тог! and 157.7 kJ 

mol | as well as frequency factors are 1013 апа 101% respectively for the 

decomposition of methyl and ethyl nitrite. Calculate the temperature at 
which tate constant will be same for the two reactions. 

А given sample of milk turns sour at room temperature (20°С) in 64 

bour In а те регшог at 3°C, milk can be stored three times as long 

betore it sours, Estimate 

(а) The activation energy for souring of milk, 

(b) How long it take milk to sour at 40°С? 

Ган! out the percentage of the reactant molecules crossing over the 

enetpy barrier at 325 К, given that AH325 = 0.12 kcal, Ев(ь) = + 0.02 kcal. 

Ин: catalytic decomposition of formic acid may take place іп two ways: 

а) НСООН » #20 + CO 

п) НСООН — > Hy СО; 

Ihe rate constant. and. activation energy for reaction (i) аге 

бике 40 "min | at 247°C and 12.0 kcal mol! respectively. These 

dius [ог reaction (1) ше 1.52 x 10 “тіп”! at 237°C and 24.5 kcal 
thol C respectively. Find out the temperature at which equimolar quan- 
titties of WO, CO, СО; and Нә are formed. (R = 2 cal) 

АЛ Іше flask contains 0.76 mm of ozone at 25°С. Calculate: 

(i) the concentration of oxygen atoms needed so that the reaction 
ОтОз ә 20) having rate constant equal to 1.5 x 107 litre 
mol | sec?! can proceed with a rate of 0.15 mol litre ! sec !. ° 

(и) the rate of formation of oxygen under this condition. 


[lic rate law of a chemical reaction given below: 
2NO + O,-—> 2NO, 


is given as rate = К [NO]* [O7]. How will the rate of reaction change if 
the volume of reaction vessel is reduced to l/Ath of its original value? 
For a gaseous reaction 2A + B; —— 2AB, the following rate data were 
obtained. 
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> Problem 9. 


» Problem 10. 


> Problem 11. 


» Problem 12. 


» Problem 13. 


» Problem 14. 
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Rate of disappearance of B, х 10° mol litre”! 
[А] [Bo] 
1.8 0.015 0.15 
10.8 0.090 0.15 
5.4 0.015 0.45 
Calculate: 


(a) the rate constant, 
(b) rate of formation of AB when, 
[A] = 0.02 and [B4] = 0.04 
The rate of a certain reaction depends on concentration according to the 
equation : 2346: = КС r 
аг lc-K$C 
What will be the order of reaction, when concentration (C) is: 
(a) very-very high, 
(b) very-very low. 
Surface catalysed reactions that are inhibited by the products obey the 
rate equation (in same cases) с = d where a is the initial 
concentration of the reactant and К and Р are constants. Integrate this 
equation. Derive an expression for 11. x is the concentration of products 
at any time г and the reaction is A —— В. 
Show that the time ttz for n™ order reaction is a function of ‘и’ 
alone. /зд is the time required for concentration to become 1/4 of original 
concentration. 
The inversion of cane sugar proceeds with constant half life of 500 
minute at рН = 5 for any concentration of sugar. However, if pH = 6, the 
half life changes to 50 minute. Derive the rate law for inversion of cane 
sugar. 
The complex (Со(мн,) Ер” reacts with water according to the equation, 
[Co(NH3)SF]^* + H20 —o [Co(NH3)H50]?* + Е" 
The rate of reaction = rate constant x [complex]" x [Н*]" 
- K [complex]" [H^]" . The reaction is acid catalyzed, i.e., [Н+] does not 
change during the reaction. Thus, 
rate = К” [complex]" where К = K [H*]" 
Calculate m and n if they are integers from the following data at 25?C. 


[complex] M ІНІМ £175 (hour) 13/4 (hour) 
0.1 0.01 1 2 
0.2 ; 0.02 0.5 1 


13/4 18 the time required for three fourth completion of the reaction. 


The conversion of trypsinogen (А) into trypsin (B) is an autocatalytic 
reaction А — > B where B catalyses the reaction. The rate equation is 
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· Problem 15. 


Prohlem 16. 


іч ес 19, 


Problem 21. 


Problem 22. 
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ах 


-К ху, Where х and y are concentration of tripsinogen at time /. 


Integrate this equation for initial concentration of хо and yọ for A and 


B. Show that Kt = 2308, log — 


хо+уо 7ху 
The oxidation of certain metal is found to obey the equation 


У 


А“ = ои + В, where А is the thickness of the oxide film at time 1, œ and 
В are constants. What is the order of this reaction. 


If a reaction А > Products, the concentrations of reactant А are 
Co . aCo, а”Со, а Су,. . . after time interval 0, 1, 21, 31, ... 
constant. Given О «a < 1. Show that the reaction is of I order. Also 
calculate the relation in К, a and Е. 


where a is 


For a homogeneous gaseous phase reaction 2A —— ЗВ+ С, the 
initial pressure was P? while pressure at time ‘Г was P. Find the pressure 
after time 2t. Assume first order reaction. 

Arsine decomposes on heating to give As and Н». The decomposition 
studied at constant volume and temperature gives the following data. 
Vin hr. 0 3:9 6.5 8 

Pan шіп, 0.9654 1.06 1.076 1.1 

Calculate velocity constant, assuming first order reaction. 

Two I order reactions having same reactant concentration proceed at 
25"C at the same rate. The temperature coefficient of the rate of the first 
сасной is 2 and that of second reaction is 3. Find the ratio of the rates 
ot these reactions at 75°C. 

Пала топоним А and А separately shows two chemical reactions. Both 
саг энх are. made with same initial concentration of each reactant. 
Шала A follows first order kinetics whereas reactant В follows second 
order kinetics. И both have same half lives compare their rates 

(а) at the start of reaction, 

(9) after the lapse of one half life. 

A vessel contains dimethyl ether at a pressure of 0.4 atm. Dimethyl 
ether decomposes as CH30CH3(g) —> CHa) + СО(р) + H2 (gy. The 


rate constant of decomposition is 4.78 x 1077 тіп”. Calculate the ratio 
of initial rate of diffusion to rate of diffusion after 4.5 hours of initiation 
of decomposition. Assume the composition of gas present and gas 
diffused to be same. 

Bi-cyclohexane was found to undergo two parallel first order rearrange- 
ments. At 730 K, the first order rate constant for the formation of 


cyclohexane was measured as 1.26 x 10757! and for the formation of 


methyl cyclopentene the rate constant was 3.8 х 1075 877. What was the 
% distribution of the rearrangement products. 
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» Problem 23. 


» Problem 24. 


» Problem 25. 


» Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29. 


NUMERICAL PHYSICAL CHEMISTRY 
Ethylene is produced by 


СН он, 
Cyclobutane 

The rate constant is 2.48 x 10 ^ зес“ !. In what time will the molar ratio 
of the ethylene to cyclobutane in reaction mixture attain the value 
(а) 1, (b)100? 

Decomposition of Н2Оҙ is a first order reaction. А solution of H203 
labelled as 20 volumes was left open. Due to this some H202 decom- 
posed. To determine the new volume strength after 6 hours, 10 mL of 
this solution was diluted to 100 mL. 10 mL of this diluted solution was 
titrated against 25 mL of 0.025 M КМпО, acidified solution. Calculate 


the rate constant for decomposition of H2072. 


In a certain reaction В" is getting converted to B” * 4“ in solution. The 


rate constant of this reaction is measured by titrating a volume of the 


solution with a reducing agent which reacts only with В”! and 


po tye ж В+ 9* ү 


. In this process, it converts B"* to B^ -2** and 


B" D*+, At r2 0, the volume of reagent consumed is 25 mL and at 
t 2 10 min, the volume used is 32 mL. Calculate the rate constant of the 
conversion of В"? to p" * ^* 
For the reaction Мур) + 3H2(g) —» 2NH3(g) under certain conditions of 
pressure and temperature of the reactants, the rate of formation of 


МН» is 0.001 kg ћ“!, Calculate the rate of reaction for № and Н». 


assuming it to be a first order reaction. 


For a reversible first order reaction, 
К, 
А < В; Кр= 10? 51 
x 


B 

and — = 4; If Ag = 0.01 МГ! and By = 0, what will be concentration 
eq. 

of B after 30 sec. 


For a reversible reaction C === D, heat of reaction at constant volume 


is — 33.0 kJ mol |, calculate : 

(i) the equilibrium constant at 300 К. 

(ii) If Ey and Ej are energy of activation for forward and backward 
reactions respectively, calculate Erand Ер at 300 К. Given that 
Еј: Ер= 20:31. Assume pre exponential factor same for forward 
and backward reaction. 





GAS да where o, В are 
а 1+BA’ : 
constants and greater than zero. Calculate ty, for this reaction if initial 


The rate expression for a reaction is — 


concentration is [А]. 
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Answers 





1. See solution. ; 

нк; 

% (и) 10.454 kcal, (b) 20.5 hr ; 
4. KOOS% 

81 1949С ; 


6. п) 248x105, (i) 030molL'!t!; 


ЖЕТЕН 8. (i) 2, (i) 128х107-: 
% (n) cera. (ћу fist. ; 10. See solution ; 

И. See зейінін, 12. K [Sugar] [Н+]? ; 

E = nel. 14. See solution ; 

| 16. See solution ; 

|! Сөз мой, 18. See solution ; 

19, i590, 20. (a) 0.603, (b) 1.386 ; 
4 поје! ; 22. 0.768 , 0.232 ; 


2% ааз 2725 minute, (b) 264.2 minute ; 

M. 0021! 

ЈА 1059 I0 mim | 5 

је Мо казе Юн", Н = 1.76 х 107 kg hr! ; 
17, “м1-10 ML: 

Ін 3/2 ~ 107, бока, 93k] 

ШЕ) | WIA Т 


|| 
п п 


mon 
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10. 


Problems for Self Assessment 





The energy of activation and specific rate constant for a first order reaction at 25°С 


are 100 kJ/mol and 3.46 x 1077 вес"! respectively. Determine the temperature at 
which half life of reaction is 2 hour. 
2М,0,---э 2N50, + O, 
(іп СС) (in ССІ) 
The activation energy of a certain uncatalysed reaction at 300 K is 76 kJ 
mol". The activation energy is lowered by 19 kJ mol! by the use of catalyst. By 
what factor, the rate of catalysed reaction is increased? 
On the top of a certain mountain, the atmospheric pressure is 0.7 atm and pure 
water boils at 363 K. A climber finds that it takes 300 minute to boil an egg as 
against 3 minute at 373 K. Calculate: 
(a) Ratio of rate constants at 373 K and 363 K, 
(b) Energy of activation for the reaction when egg boiled. Assume Arrhenius factor 
be same. 
For the reactions of I, П and HI orders, К) = К, = Кз when concentrations аге 


expressed in mol litre! What will be the relation in K p К, K3, if concentrations 
are expressed in mol/mL? 
A first order gaseous reactions has К = 1.5 x 10% sec™! at 200°C. If the reaction 


is allowed to run for 10 hour, what percentage of initial concentration would have 
changed into products. What is the half life period of reaction? 

The half life period of a compound is 50 minute. If the initial concentration is 
halved, the half life period is reduced to 25 minute. What is O.R.? 
Decomposition of the gaseous phase reaction 2A —— B, was mentioned by 
measuring total pressure as a function of time. The results are given below: 

Time in minute 0 100 200 300 400 

Pressure in torr 400 322 288 268 256 

Calculate rate constant and find O.R. 


10 g sugar in 100 mL water rotates the plane of polarized light by +13.10° and 
after complete hydrolysis it shows rotation —3.75?. What is 90 hydrolysis of sugar 
in a solution having a rotation by an angle of 5?? 


At 300 K, the specific rate constant for hydrolysis of ethyl ester by alkali is 6.36 


mol ! litre шіп”, Starting with concentration of base and ester as 0.01 mol per 
litre, what proportion of the ester will be hydrolysed in 10 minute? 


Following data were obtained for the chlorination of acetone as shown below: 


H+ 
CH,COCH, + Cl, ——> СН;СОСН,СІ + H* + СГ 
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п. 


12. 


13. 


14. 


15. 


16. 


NUMERICAL PHYSICAL CHEMISTRY 


ас 
[CH,COCH,] [Cl] (pipe ага 
0.30 0.05 0.05 5.7 
0.30 0.10 0.05 5.7 
0.30 0.05 0.10 11.4 
0.40 0.05 0.05 76 


Establish the rate law. Also find the rate constant for the reaction. 
Show that for a reaction following the rate law: 


-d [A] _ а. 
the half life for the reaction can be given Бу: 


27702] 
КАД ' (0-1) 
The rate constant for the reaction: H* + ОН — H,0 is 1.3 x 10!! litre mor"! 
671. Calculate the half life for the neutralisation process if: 

(а) [H*] = [OH ] = 10! M, 
(b) [H*] [OH] = 10 м. 


The dissociation constant of acetic acid, NH аге 1.75 x 1077 and 5.71 x 10719 
respectively. The second order rate constant for the formation of acids from bases 


CH4COO and NH, and proton to form acids аге 4.5 х 1019 and 4.3 x 1070 litre 


tip where © is an integer but greater than unity. 


mol! $ | respectively. Calculate the rate constant for the dissociation of acetic acid 
and NH;. 

K, 
For a first order reversible reaction А <-- В, the rate constants К сапа 


К, 


K, аге 1.2 х 1073 ес"! and 3.3 х 1073 есі If [A]g 0.5 mole litre! and 
[В] = 0, calculate the equilibrium concentration of A. Also calculate the time taken 
for B to reach its half equilibrium concentration. 
K, . 
For a first order reversible reaction А === B , the initial concentration of 
K, 


A and B are [А], and 7510 respectively. If concentrations at equilibrium are 

[А] д. 
Bhan: 

equal (0 | leg Е 


: к, 
For а consecutive first order reaction А----> B ———3 С, the values of 


and [B] eq» derive an expression for the time taken by B to attain concentration 


К; and К) are 45 бес”! and 15 sec! respectively. If the reaction is carried out with 


pure А at a concentration of 1.0 mol dm а, 

(a) How much time will be required Гог the concentration of В to reach a maximum. 

(b) What will be the maximum concentration of B. 

(c) What will be the composition of the reacting system after a time interval of 
10 minute. 
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Answers 

1. 306 K ; 2. 20338 ; 

3. (a) 100, (b) —124.729 kcal ; 4. К. = Kox 10? 2 kax 10° ; 

5. 5.25%, 12833 hr ; 6. Zero ; 

7. L6x 107, П ; 8. 48.07% ; 

9. 38% ; 

10. Rate = К [CH3;COCH3] [СЫ [H*]!, К-38х 107 litre mol! time! ; 

и. — ; 12. (a) 77 ps, (b) 77 ns ; 


13. K, for acetic acid = 7.88 x 1075 s 
KiforNH4224.55s ; 
14. [A]. 70.367 M, г= 1.54 x 10 ^ sec ; 
0.693 
15. (= Kr* Ky 5 
16. (a) 132 sec, (Ы) 0.58 mol dm 3, 
(с) [А] 2 0, [B] 20.12 mol dm У, [C] 2 0.88 mol дт 3, 





. 





Chemical Equilibrium 


Chapter at a Glance 


(.quilibrium constant 


пА+лВ+..... == mZ+mY+..... 
[Zu СИ 





Reaction Quotient О = —-— 
[AY [BP 


[z ӨЛШЕ ХО; 











= , hy 
€^ [Ap [вр ..... 
Кс is equilibrium constant in terms of concentration. 
2 (РУ (Рут CON 0) 
р (Р' д)" (Pg): n Ё: 
(nz) (ny)"*..... Р An | 
ог p= х| —| (If gaseous phase reaction) . . .(3) 
(пду (пруз..... Ул 
K,- Kx (КПУ . ж.(4) 


K. is equilibrium constant in terms of pressure, 7 15 temperature т К. 

An = [moles of product — moles of reactants] (only for gaseous phase moles) . . .(5) 
as represented by stoichiometry of change. 

Moles dissociated | 











| dissociation = META . (6 
а lotal moles present initially (6) 
Unit of Equilibrium constant: — К,: (unit of pressure)^" 
Кс: (unit of concentration)" 
Van't Hoff Equation 
к, АН 11» гай Til 
2.303 log — = === SU 
03 log К, R TT, (7) 


Standard free energy change 

AG =АС°+КЕТ\п О where О is reaction Quotient ... (8) 
3 AG = 0 at equilibrium 
and ОсКо or К. 


CHEMICAL EQUILIBRIUM 


AG? = -RT In К 
AG? = -2.303 RT оғ К 


АС? = ZG? product и XG reactant 


Henry’s law 
ax Р 
a is amount of gas dissolved per unit volume of solvent at pressure P 
Vo (P? 


Vis volume of gas dissolved per unit volume of solvent at pressure P 
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The Basic Problems with Solutions 


> Problem 1. State which one is homogeneous or heterogeneous? 


(a) Upiamond 77 C graphite 

(b) H50&7—* Н;О() 
(nuo o ba Ж” ЗЫН) 

(d) МЕСО) = M80) + СО) 


(e) РС + Cb === РС) 
> Problem 2. Write eailibrium constant for the each : 
(а) NOIRE EOD 
(b) КаОз === KCl, + (3/2)05( 
(с) Сас, уу + 5055 === 2СаСОзу + 2CO5( 
АЕ ТА њи о) 
(е)Ёе” (aq) + SCN (ад) === Ее(8СМ) гад) 
(f) Саво, 5Н;0 у === CuSO, + 5820) 
» Problem 3. The equilibrium constant expression for a gas reaction 18: 


_ МН, 
с МОГЇН,ОГ 
Write the balanced chemical equation corresponding to this expression. 
» Problem 4. The equilibrium constant of the reaction; SO, === SO; + AO»; 
is 0.20 mole * litre™” at 1000 K. Calculate equilibrium constant for 
239 хун Ox УВО 
» Problem 5. Calculate the equilibrium constant for the reaction ; 
Hap t COjg MIS EDO е COD) 
at 1395 K, ifthe equilibrium constants at 1395 K for the following are 
2H,O0@) ==" 26, + O44 K521 x 1077 
220 а) == 2СО() + Оу) К = 14 х 1077 
> Problem 6. For the reaction; Мхи + ЗН) === 2NHj. 
At 400 К, K, = 41 atm ~, Find the value of K, for each of the following 
reactions at the same temperature: 
(i) МА) — № + ЗН; 
(it) Nag + Hog) <> МНуш; 
(iii) 23у + 6Н == 4МНуу. 
> Problem 7. Find out the value of K, for each of the following equilibria from the 
value of K, : 
(a) 2NOCI, === 2МО,, + Cb; Ky7 1.8 x I0? atm at 500 К 
(b) СаСОу,у === СаО.) + СО): К; = 167 atm at 1073 К 
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» Problem 8. 


> Problem 9. 


> Problem 10. 


» Problem 11. 


>. Problem 12. 
> Problem 13. 


> Problem 14. 


NUMERICAL PHYSICAL CHEMISTRY 


The rate of reversible reaction (change in concentration per second) : 
РСЦ? + HO == Pt(H,O)Cl, + СГ ; was observed at 0.3 ionic 
strength at 25°C and noticed that 


ВЕ 9 403 [PtCl,?-] – 2.1 х 107 (РКН,О)С1: [СГ] 
№ 4 2 3 : 


Calculate : 

(a) Rate constant for forward and backward reaction. 

(b) The equilibrium constant for the complexation of fourth СГ at 0.3 
ionic strength. 

Write a stoichiometric equation for the reaction between A, and C 

whose mechanism is given below. Determine the value of equilibrium 

constant for the first step. Write a rate law equation for the overall 

reaction in terms of its initial reactants. 


К, 

(i) Ay==24 Ку = 10's and К = 101? М5" 
25 

(ii) A+C— АС К-10“5 ws! 


Equilibrium constant, K, for the reaction, №, + 3H» === 2МН, р 
at 500 К is 0.061 litre? mole 2, Ata particular time, the analysis shows 
that composition of the reaction mixture is 3.00 mol litre ~. М, 2.00 
mol litre" Нь, and 0.500 mol litre! NH. Is the reaction at equilibrium? 
If not, in which direction does the reaction tend to proceed to reach 
equilibrium? 
Which of the following reactions will get affected by increase of 
pressure? Also mention, whether change will cause the reaction to go 
into the right or left direction? 

0) СНц + 28g, === CSyg) + 28280) 
(іі) 4NH4(, + 5054) === 4МО(, + бН,О,, 
(v) СН) + Hog = CoH eg) 
In which case does the reaction go farthest to completion : 
К= 1; К= 109; К= 10719 and why? 
The equilibrium constant K, for A’) === By) is 1.1. Which gas has a 
molar concentration greater than 1? 
Nitric oxide reacts with bromine and gives nitrosyl-bromide as per 
reaction given below: 

250.) + Brag) === 2NOBt 

When 0.087 mole of NO and 0.0437 mole of Br, are mixed is a closed 
container at constant temperature, 0.0518 mole of NOBr is obtained 


at equilibrium. Calculate equilibrium amount of nitric oxide and 
bromine. 
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» Problem 15. 


> Problem 16. 


> Problem 17. 


> l'roblem 18. 


» Problem 19. 


> Problem 20. 


» Problem 21. 


> Problem 22. 


> Problem 23. 


» Problem 24. 


» Problem 25. 


At 700 K equilibrium constant for the reaction; 
Hog + Ги” 2Hlg 


is 54.8. If 0.5 mol litre! of Hl, is present at equilibrium at 700 К, 
what are the concentrations ОЁН „апа сс) assuming that we initially 
started with Hl, and allowed it to reach equilibrium at 700 К. 
Bromine monochloride, BrCl, decomposes into bromine and chlorine 
and reaches the equilibrium. 
ELS Ур. И А др 
for which К, = 32 at 500 К. If initially pure BrCl is present at а 
concentration of 3.30 x 1073 mol litre '; what is its molar concentration 
in the mixture at equilibrium? 
60 mL of Н, and 42 mL of |, are heated in a closed vessel. At 
equilibrium the vessel contains 28 mL of HI. Calculate degree of 
dissociation of HI. 
The reaction 2HI === Н, + 1,, at equilibrium contained 7.8 р, 203.2 
g and 1638.4 р of Hy, I, and HI, respectively. Calculate K,. 
In the dissociation of HI, 2096 of HI is dissociated at equilibrium. 
Calculate K, for 
Hg === WHyg + 59 
If a mixture of 3 moles of H; and one mole of N; is completely 
converted into NH;. What would be the ratio of the initial and final 
volume at same temperature and pressure? 
At a certain temperature and a total pressure of 10° Ра, iodine vapour 
contains 40% by volume of I atoms; Calculate K, for the equilibrium. 
bg) === 216) 
Reaction between nitrogen and oxygen takes place as following : 
28,4) + О, = 230, 4 
If a mixture of 0.482 mole №, and 0.933 mole of O, is placed т а 
reaction vessel of volume 10 litre and allowed to form N2O at a 
temperature for which К, = 2.0 x 1073ге то”, Determine the 
composition of equilibrium mixture. 
One mole of H,O and one mole of CO are taken in a 10 litre vessel 
and heated to 725 K. At equilibrium 40 per cent of water (by mass) 
reacts with carbon monoxide according to the equation; | 
ШО” СО Hig «604; 
Calculate the equilibrium constant for the reaction. 
A sample of pure PCl; was introduced into an evacuated vessel at 
473 K. After equilibrium was attained, concentration of PCl« was 
found to be 0.5 x 107! mol litre"! If value of K, is 8.3 x 10 mole 
litre! What are the concentrations of PCI, and Cl, at equilibrium? 
The equilibrium constant for the following reactions is 1.6 x 10° at 
1024 K, Ну) + Brag) = 2НВк,) 
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>. Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29, 


> Problem 30. 


> РгоМет 31. 


> Problem 32. 


> Problem 33. 


NUMERICAL PHYSICAL CHE MIS ИЗУ 


Find the equilibrium pressure of all gases if 10.0 bar of HBr is 

introduced into a sealed container at 1024 K. 

At 1127 К and 1 atm pressure, a gaseous mixture of CO and CO, in 

equilibrium with solid carbon has 90.55% СО by mass; 

Cog СО харите 2600) 

Calculate K, for the reaction at the above temperature. 

The ester, ethyl acetate is formed by the reaction between ethanol and 

acetic acid and equilibrium is represented as : 

CH;COOH,) + С,Н,ОНду === СН;СООС;Н; 4) + Н2Оц) 

(a) Write the concentration ratio (reaction quotient), О,, for this 
reaction. Note that water is not in excess and is not a solvent in 
this reaction. 

(b) At 293 K, if one starts with 1.00 mole of acetic acid and 0.180 of 
ethanol, there is 0.171 mole of ethyl acetate in the final equilibrium 
mixture. Calculate the equilibrium constant. 

(c) Starting with 0.500 mole of ethanol and 1.000 mole of acetic acid 
and maintaining it at 293 K, 0.214 mole of ethyl acetate is found 
after some time. Has equilibrium been reached? 

К for СО) + 206) === CO; ar Hg) at 986?C is 0.63. A mixture 

of 1 mole HO, and 3 moles СО з, is allowed to react to come to an 

equilibrium. The equilibrium pressure is 2.0 atm. 

(а) How many moles of Н» are present at equilibrium? 

(b) Calculate partial pressure of each gas at equilibrium. 

When C,H,OH and CH;COOH are mixed in equivalent proportion, 

equilibrium is reached when 2/3 of acid and alcohol are used. How 

much ester will be present when 2 g molecule of acid were to react 
with 2 g molecule of alcohol. 

When (a) d-glucose is dissolved in water, it undergoes a partial 

conversion to (0) d-glucose to exhibit mutarotation. This conversion 

stops when 63.696 of glucose is in B-form. Assuming that equilibrium 
has been attained, calculate K, for mutarotation. 

Determine the concentration of CO; which will be in equilibrium with 

2.5 x 10 mol litre’ of CO at 100°C for the reaction; 

ҒеО (ху + СО») SS Ре) + СО») ; К, = 5.0 


For the gaseous reaction; 2МО, === М,О,, calculate AG? and К, for 
the reaction at 25°C. Given О Рао, and брдо, are 97.82 and 51.30 
kJ respectively. Also calculate AG? and КЪ for reverse reaction. 


AG? for 1-М, + ЗН, == NH; is -16.5 kJ mol” at 25°C. Find out 
К, for the reaction. Also report К, and AG? for : 
№ + 3H, === 2NH, at 25°C 
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» Problem 34. 


»- Problem 35. 


» Problem 36. 


» Problem 37. 


» Problem 39. 


» Problem 40. 


> l'roblem 41. 


» Problem 42. 


Calculate the values of AE? and AH? for the reaction : 
24%) F Big) Жу ABg) for which Kp =10x 10:19 atm? and 
AS = 5 ЈК”! and T = 300 К. 


Derive the best conditions for dissociation of NH; ; Given 
2NH; === N, + ЗН; АН = +91.94 К] 
Derive the best condition for the formation of NH; Given, 
№ + 3H, = 2NH; ; АН = -91.94 kJ 
К, for the reaction; А + В === Р + Q, is 2.0 x 107 at 25°C and it is 
2.0 x 107! at 50°С. Predict whether the forward reaction is exothermic 
or endothermic. 
In a gaseous reaction, Ag) + Bg) === Серу Predict the effect of addition 
of inert gas if addition is made at (a) constant volume, (b) constant 
pressure. 
In a gaseous reaction; Ag) + Big) === Cig) + Dg, the increase іп 
temperature causes the change in the concentrations of 4, B, C and D. 
The concentrations of C and D also change on addition of some amount 
of А. Does the value of К change in either of the two situations? 
100 g of NaCl is stirred іп 100 mL of water at 20°C till the equilibrium 
is attained : | 
(а) How much NaCl goes into the solution and how much of it is left 
undissolved at equilibrium? The solubility of NaCl at 20°C is 6.15 
mol/litre. 
(b) What will be the amount of NaCl left undissolved if the solution is 
diluted to 200 mL? 
Calculate the concentration of CO, in a soft drink that is bottled with 
a partial pressure of CO, of 4.0 atm over the liquid at 25°C. The 
Henry’s law constant for СО, in water is 3.1 x 1072 mol/litre-atm at 
this temperature. 
Calculate the.concentration of СО, in a soft drink bottle after the 
bottle is opened and sits at 25°С under а СО, partial pressure of 
3.0 х 107 atm. Henry's law constant for CO, in water is 3.1 х 107 
mol/litre—atm at this temperature. 
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4NO + 6Н,О === 4NH, + 50, ; 
2.58 ; 

(а) 4.38 х 1075, (b) 1.90; 
КА: 


(i) No change, (ii) left direction, (iii) left direction, (iv) right direction ; 


See solution ; 
3 x 1075 mol litre”: 


0.019; 
2; 


[РСЬ] = [Cl] = 2.037 х 10? ; 


(а) 0.681, (b) CO; = Н, = 0.34 atm, СО = 1.16 аш, H,O = 0.16 atm; 


1.747; 


See solution; 
Endothermic; 


(a) 36 р, 64 g, (b) 28 g; 
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Answers 
1. (c)and (e) homogeneous, (a), (b) and (d) heterogeneous ; 
2. Seesolution ; 3. 
4. 25 поГ! litre"! 1 5, 
6. (1)0.024, (ii) 6.4, (111) 1.681 x 103; 7. 
8. 53.85; 9, 
10. See solution ; 
11. 
12. See solution ; 13. 
14. NO-0.0352 mole, Br, = 0.0178 mole; 
15. 0.068 mol litre"; 16. ' 
17. 71.9%; 18. 
19. 00.125,. 20. 
21. 2.67 x 10' Ра; 
22. М,-0.0482 mol litre™!, О, = 0.0933 mol litre", 
№0 = 6.6 x 10?! mol litre"; 
23. 044; 24. 
25. Н, = Вг, = 0.025 bar, HBr = 9.95 bar; 
26. 0.156 mol litre !; 
27. (а) See solution, (b) 3.92, (с) No; 
28. 
29. 133; 30. 
31. 12.5x 107 mol litre !; 
32. -4.78 kJ, Ky = 6.88, +4.78 kJ, K, = 0.145 ; 
33. 779.41 atm”, 6.07 x 105 atm™, —32.998 kJ mol”; 
34. 63.93 kJ; 35. 
36. See solution; 37. 
38. (а) по change, (b) backward direction; 
39. See solution; 40. 
41. 0.12 mol litre”; 42. 


9.3 x 1075 mol litre"! 
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Solution 1. 


Solution 2. 


Solution 3. 


Solution 4, 





Solutions 


Tlomogencous systems have phase (Р) = 1 


A system with P > 2 is called heterogeneous. 
Phases in а system can be determined by following the rules given below. 
System Phase (P) Explanation 
S+S 2 No. of solid in mixture give number 
of phase = 2 ie. Р=2 


541, 1 Soluble systems lead to P = 1 
541, 2 Insoluble systems lead to Р=2 
L+L 2 Immiscible liquids lead to P = 2 
L+L 1 Miscible liquids lead to Р = 1 
а+а 1 АП gases in a mixture giveP — 1 
I hus given systems a b c d e 
Number of phase 2 2 1 3 2] 


(c) and (e) are Homogeneous systems. 
(a), (b) and (d) are Heterogeneous systems. 


2 
a) K= Лаг (b) К, = [Po]? 
| (Ко, _ мнр 
ҮЛ (0) НР 
|Ее(8СМ)7 1 
(е) e= пре“ 5см], 06 Ку = [Рој 


4NO + 69,0 == 4NH, + 50, 


Гог 50) = 502) + Ох) 
180, 0, 177 
«^ [S0 = 0.20 401) 
Еог 250) + 0, == 2S0, 
gb. " 
* [80, P[O] aXe) 


By reversing Eq. (1), 
d [503] 


К. [$0102] 
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Squaring both sides 
2 
a = __505 | _ ғ b E (2) 
Қа) [50505] 57 ње 
Ку Fed = 25 тог! litre"! 
020 
ІН: 0, 
Solution 5. For 2Н,Ор === Нур) t Оду Ky = [НО]? (D 
. _ СОР (0, 
Ёог 220) ——> 2СО,,, + О») К, = [CO, f ...(2) 
[H,O][CO] 


For CONG e Hie === НО СО К 
By dividing eq. (2) by eq. (1): 
Ку  [COT'[O;] 4 [H;O]" 
К, [co,) [H;]^[0;] 
к, [COl'[H;O 


= сон 09) 


z _ p2? 
к [com 7% эг 
(8 14х1077 } 
or К == kt 21x10 ^! | = 2.58 
-1 
, СРР, т. 2 
Solution 6. (i) К, = INH, IM = (41) Зар 9:024 atm 


2 
| [МН] e| 
КЕГЕ 


2 1/2 
ap ge =a! |ы = (407 = 6.4 atm! 


р [H P N, [H; PIN;] 


4 
(ін) К ШІ, а 


Р IN, FH] 


> р 
Wu У = 41 = 1.681 x 10° агї 
2 2 





К, 
Solution 7. (a) Ая-1,Т-500К:К.-К,(ВТУ” 2 Қ, 


сои = (RT n 


R = 0.0821 litre atm K^' mol! 


* 
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Solution 8. 


*olution 9. 


Solution 10. 


Solution 11. 


Solution 12. 





*olution 13. 


18x 107 sra 
К.- (00821 500] ^ 479 * 10 
167 
(b) К. = Повтор 7190 [У An=1, T= 1073 К] 


(a) Rate constant for forward reaction Kp = 3.9 х 107 sec! 


Rate constant for backward reaction Ky = 2.1 х 1673 litre mol! sec"! 


(b) Equilibrium constant for the complexation of fourth CT is equilibrium 


Ky, 21x10? 
Constant for backward reaction i.e., К, = =>. Е 
Ке 39 х 10 d 


= 53.85 litre mole! 


It is aparent from both the steps that step (ii) is slowest and thus 


rate = К, [A] [C] Cl) 
However overall rate constant К can be obtained in terms of 4, as follows, 
(i) + 2 x (ii) Ay + 2C —> 24C 
10 
к, [4p 10 
Also for step (i К = | 
OAR, TAT 10 
or [4.]=[4" ог [A] = [4]! 
Thus by eq. (i) rate = Kj[C][45] "= 1С (4, 2 
мн, (0.5): 0.25 
Qu daa uui алт ОТОК 
[HPN] (20) x(30) 24 рам 
The reaction is not in equilibrium. 
Reaction proceeds from left to right. ^ Q < Ko 


(i) No-change. 

(ii) Reaction goes into the left direction. 
(iii) Reaction goes into the left direction. 
(iv) Reaction goes into the right direction. 


. [product] . . РА і 
The ratio [reactant] is maximum when К = 10'У and thus, reaction goes 
farthest to completion when К = 1010. 
В 
For Ag" Веј К ЭГ =1.! => [B]» [А] 
If [B] 2 1 ; [4] = 0.91 
Casel: 0.91 < [4] <1 Only [8] > 1 


Case Il: [A] > 1 Both [A] and [B] > 1 
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Solution 14. 


Solution 15. 


Solution 16. 





Solution 17. 
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2Х0,) ! Вг, р) == 2МОВг,) 
Initial mole 0.087 0.0437 — 
Equilibrium (0.087 — 2a) (0.0437 — a) 2a 
Siem : 2a = 0.0518 
а=0.0259 


At UN a NO - 0.0870 — 0.0518 = 0.0352 mole 
Вг; = 0.0437 - 0.0259 = 0.0178 mole. 


Hyg) + Бр == 2Hlg 


К,- И = 54.8 
5 [н›]П,] 
[НП = 0.5 mol litre! ; 
(0051 ыз 
Hjl]-——- =4. 
[9115] X 56 x 10 
Since at equilibrium equal conc. of H, and I, will exist if dissociation of 
Hl is carried out. Thus, 
[H]-[L] |. [HF = 4.56 x10? 
or [9,]= 0.068 mol litre !- [15] 


Initial conc. 0.0033 0 0 
Conc. at equilibrium (0.0033 — a) а/2 а/2 
g,- 18518] 5, 
ЇВГСЇЇ 
еке 
(00033-ay > 
иче гане. 

ог — 2x(00033-a) 200 

a=3 x 103 


[BrCl] 23.3 x 10? -3 x 10? =3 x 107 mol litre” 
Н, + b =~ 2HI Given, 


Volume at / = 0 60 42 0 2x 228 
Volume at equilibrium (60 — x) (42 - x) 2x “ х= 14 
(60 – 14) (42 – 14) 28 


Since at constant P and Т, moles « volume of gas (by PV = n RT). Thus, 
volume of gases given can be directly used as concentration. This can 
be done only for reactions having Az 7 0. 

28x28 28 


$ 46x28 | 46 
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Solution 18. 


Solution 19. 


Solution 20. 
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Now for dissociation of HI; 2Н| === Н, + L 
Moles at г = 0 1 0 0 
Moles at equilibrium (1 -«) 0/2 0/2 
where a is the degree of dissociation 
а? ENT 
Ка T adcey Қ, 
_« _ (46) 
20-0) (28) 
а = 0.719 ог 71.9% 
2HE == H, + I, 
28, 1638.4 78 203.2 
Moles at equilibrium 128 2 7254. 
= 12.8 3.9 0.8 
Let volume of есі ү V litre 
08 
[= =; [HI] 25:15 7 
Н-ІП 39х08 
= ІН: -------- = 9019 
7 [HI]? [128 23 
K, = 0.019 
HI == ИН, + Ai, 
Initial moles 1 0 0 
Moles at equilibrium (1- a/2 a/2 
where a is the degree of dissociation and volume of container is V litre. 
027 _ M2 
Gr) (5) 
2V ) Оу) 
Ky К (о) > (^ ли=0) 
V 
а 
Ky = К, = Xia) (а = 0.2) 
0.2 
K, 7 Kc = 50-02) 
K, = К, = 0.125 
Initial moles | 3 0 
Vinal moles 0 0 2 ("^ complete conversion) 
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8 AA. itial moles 
Ratio of initial and final volumes = ——  — — 
final moles 
4 
(С> Vocn if P and T are constant) ie 2 
Solution 21. ! === 2% 
---- |2 - 
Initially moles : a 0 
Moles at equilibrium (a-x) 2x 
Total moles at equilibrium = a —x + 2x =a +x 
: 2x 40 a 
Given ажх 100’ ел 
("7 Mole ratio = Volume ratio if P and Т are constant) 
б а За 
This, m, =a- Де 2, An=2-1=1 
fae ae ee 
In T ~ 14" 
> [m] | En 
таш ш 2.67 x 10* P. 
=== | | =2,7 х 
(38/4) |[а+(а74)] 3 








0482 
Solution 22. N= Е = 00482 mol інгеі-- 





2(8) 


— 
— 


n 0933 a T 
Ki 0.0933 mol litre 
_2N, + 0, == 2N,0 
Initial conc. 0.0482 0.0933 0 
At equilibrium conc. (0.0482-2х) (0.0933-х) 2x 
N20} E ud n = 
МР ag 4 ! 
1М,110:1 
2 
2 «10 = [N20] 
(0.0482 – 2x)“ (0.0933 — x) 4 
xis very small d 
(ОР = (2 х 10727) (0.0482)? (0.0933) = 4.34 x 1077! 
[N50] = 6.6 х 1072! mol litre"! 
Solution 23. ЊО, + CO) — Hag + СО) 
Initial mole 1 1 0 0 5 
Mole at eq. (L 04) (1-04) 04 04 
х 





(40% of TLO reacts at eg 


| 


| 


- 


in 
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K.= [H olco] 06х06 794 
Solution 24. The reaction is; PCl: == PCI, + Cl; 
[PCI3][Clp] 2 
<= TPCIs] -83х10 
=> [PCI,][Cl,] = (8.3 x 103y(0.5 x 107') 
[PCI] = [Cl,] = х (say) at equilibrium 
5, = 4,15 x 107 
=> х=2.037 x 107? = [PCI] = [СЫ] 
т [НВг]? E 
Solution 25. Hag, + Brg === 2НВг; К. = IH; 851 =1.6х 10 
Given : Pup, = 10.0 bar initially 
Initial P 10 0 0 
Equilibrium pressure (10 — P) P/2 Р/2 
гай Ри, X Pon _ (Р/2)х(Р/2) _ 
Р [Pm] (0-Р) 16х 1075 
Р 1 
Or EYE ee ст 
2(10-Р)  y16x10? 
Р = 0.050 bar 
.05 
Ри, = су = 0.025 раг = Pg, ; Ривг= 10—0.05 = 9.95 bar 
Solution 26. C, + СО == 200, 
^t equilibrium 9.45g 90.55 g 
9.45 90.55 
= — mole = — mole 
44 28 
= 0.21 mole =: 3.23 mole 
ЛЕ [Р] 323х323 1 
| SS Kh =. 
staat ty Е 023). 484. eee 
К, 1444 E 
Now, = = 0.156 mol litre 


К ес Е 
(RT) ` [00821x1127] 
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Solution 27. 


Solution 28. 





Solution 29. 
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[CH;COOC;H;] [9,0] у 
(а) QT [CH,COOH] [C4H;OH] [C;H;OH] (гг Water is not a solvent here.] 


(0.171) х (0171) 
(b Қ.-(1-0171)х(0180-0171) = 3-92 
(0214) x (0214) 
(c) c7 (0786) x (0286) ^ 0.204 * К. 


Equilibrium has not been reached. 


COg + НОу == СО + Hog 
Initial moles 3 1 0 0 
Moles at equilibrium (3-х) (1-х) х х 
Total moles at equilibrium = (3 — х) + (1 — x) + (x) + (x)= 4 
2 








x 
Now К, и) 
2 
0163 7 К. = 0.63 
3-х2-4х ( T ) 
сы? . , 2 -4 
Solving this quadratic equation by the formula : x =— = ы = 
a 
x =0.681 
Moles of H, formed = 0.681 
Total pressure at equilibrium = 2 atm 
Total moles at equilibrium = 4 
P, = Py х mole fraction of that gas 
хР  0681x2 
Foo, ug, s = 4 = 0.34 atm 
; (3—х).Р 
Ко = 4 = 1.16 atm 
' (1-х).Р 
Рн,о “ЭДЭЭ? 0.16 atm 
Сазе 1: С,Н,ОН + CH4COOH === СН,СООС,Н, + H,O 
Moles before reaction 1 1 0 0 
Moles at equilibrium 1-х 1-х х х 
u х= 2/3 


Moles at equilibrium ~. (1 – 2/3) (1-2/3) 2/3 2/3 
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2,2 
EUR Xs 
nS 11 
Е 
3 
Note: Volume terms are eliminated. 
^ 
Case II : С,Н,ОН + СН,СООН == СН;СООС;Н; + Н,О 
Moles before reaction 2 2 0 0 
Moles at equilibrium (2-x) (2-х) х х 
К.=4 а. oe 2 
INE — "О Q-3 
or х= 1.33 
Solution 30. (a) d-glucose === (р) d-glucose 
At equilibrium 36.4 63.6 
K шээг 1.747 
< 364 ђ 
(СО, 
Solution 31. К, = 
olution 31 * ^ [CO 
ы | __00;] 
" 25x10? 
[CO;] at equilibrium = 2.5 х 10? x 5 = 12.5 x 10? mot litre! 
Solution 32. For reaction, |. AG? = бре, - 2 х б/мо; 
=97.82 — 2 х 51.30 = -4.78kJ 
—AG? = 2.303 RT log Kp 
4.78 x 10° = 2.303 x 8.314 х 298 log К, 
АА K, = 6.88 
For reverse reaction: AG? = +4.78 kJ 
-4.78 x 10° = 2.303 x 8314 x 298 log К, 
Ky = 0.145 
Solution 33. -AG? = 2.303 RT log К, 
– (-16.5 x 10°) = 2.303 x 8.314 x 298 log К, 
16500 
log К,- 


р 2303x8314 x 298 
Ку = 779.41 atm! 
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Solution 34. 


Solution 35. 


Solution 36. 


Solution 37. 
r 


Solution 38. 


Solution 39. 


Solution 40. 


NUMERICAL PHYSICAL CHEMISTRY 


Also, К, for М, + ЗН, === 2МН, 
= 225 2 
K, = (Kf = (179.41) 
K,, = 6.07 x 107 atm” 
Also, -AG;° = 2.303 x 8.314 x 298 log (6.07 х 10°) J 


- 32.998 kJ 
AG,° = -32.998 kJ тог! 


AG? = – 2.303 RT log K, = -2.303 x 8.314 х 300 log 10719) 


= 57.441 kJ 
Now AH? = AG? + TAS? = 57.441 + 300 x 5.0 x 1073 = 58.941 kJ 
Also we have 
AH? = AE? + AnRT (^ An = 2 for reaction) 
58.941 = ЛЕ? + (-2) х 8.314 x 300 x 10? 
AE? — 63.93 kJ 


Low pressure favours reaction showing increase in moles i.e., 


forward reaction. 

High temperature favours reaction showing an endothermic nature i.e., 
forward reaction. 

Removal of NH; also favours forward reaction. 


High pressure favours reactions showing decrease in moles i.e., 


forward reaction. 

Low temperature favours reaction showing exothermic nature i.e., 
forward reaction. 

More concentration of N, and Н, also favours forward reaction. 


| лон 
Since, CL EL — 


в | 15 


K increases with temperature and thus АН should be positive and thus 
the reaction is endothermic. 


K 
2.303 log Y - 


(a) No change, (b) In backward direction. 
K change in the first case only but it remains same in II case. 


Solubility of NaCl = 6.15 mol/litre 
= 6.15 x 58.5 g/litre 
_ 615x585 


10 8/100 mL = 36 2/100 mL 


|| 
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(a) Thus amount of NaCl in 100 mL at 20°С get dissolved = 36 g and 
amount of NaCl in 100 mL at 20°С remained undissolved 
= 100 – 36 = 64 2 
(b) If volume of solution is diluted to 200 mL, 36 р more of NaCl will 
be dissolved leaving only 28 р NaCl dissolved in 200 mL. 





Solution 41. ag) = К.Р.) =31х 102 x 4.0 
= 0.12 mol litre ! 
Solution 42. ак = КР 73.1 x 10? x 3.0 x 104 


= 9.3 x 1075 mol litre 
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» Problem 1. 


» Problem 2. 


» Problem 3. 


» Problem 4. 


> Problem 5. 


> Problem 6. 


> Problem 7. 


> Problem 8. 


> Problem 9. 


NUMERICAL PHYSICAL CHEMISTHY 





Selected Problems with Solutions 


Calculate the — equilibrium constant for the reaction 
Hog + СО) === HzO) + СО(д at 1395 К, if the equilibrium con- 
stants at 1395 K for following are: 

2Н,Ору == 29+ Од Ky =2.1x 1073 

2CO»g < 2CO(qy4 Org) Ко=14х 107? 
The equilibrium constant Kc for Aj) ==> Вур is 1.1. Which gas has a 
molar concentration greater than 1? 
For the reaction A+B <= 3C at 25°C, a 3 litre vessel contains 
1, 2, 4 mole of A, B and C respectively. Predict the direction of reaction 
if: 
(a) Kc for the reaction is 10. 
(b) Kc for the reaction is 15. 
(c) Kc for the reaction is 10.66. 
The activation energy of H5 +15 === 2HI in equilibrium for the 
forward reaction is 167 kJ тог! whereas for the reverse reaction is 
180 kJ тог !. The presence of catalyst lowers the activation energy by 
80 kJ тог !. Assuming that the reactions are made at 27?C and the 
frequency factor for forward and backward reactions are 4 x 1077 and 
2x107 respectively, calculate Kc. 
For a gaseous phase reaction, А + 28 <= АВ; 
Кс- 0.3475 litre? mol ? at 200°С. When 2 mole of В are mixed with 
one mole of А. What total pressure is required to convert 60% of A т 
АВ»? 
0.96 g of HI were heated to attain equilibrium 2HI === Н, + 15. The 
reaction mixture on titration requires 15.7 mL of №10 hypo solution. 
Calculate degree of dissociation of HI. 
The degree of dissociation of HI at a particular temperature is 0.8. 
Calculate the volume of 2 М Ма25203 solution required to neutralise the 
iodine present in a equilibrium mixture of a reaction when 2 mole each 
of H» and І, are heated in a closed vessel of 2 litre capacity. 
At 340 К and one atmospheric pressure, №04 is 66% dissociated into 
NO». What volume of 10 g N2O4 occupy under these conditions? 
N20, dissociates as N204 === 2МО». At 55°С and one atmosphere, 96 
decomposition of N20, is 50.3%. At what P and same temperature, the 
equilibrium mixture will have the ratio of №04 : МО; as 1 : 8? 


%) 
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> Problem 10, 


> Problem 11. 


» Problem 12. 


> Problem 13. 


» Problem 14. 


> Problem 15. 


» Problem 16. 


> Problem 17. 


At 273 К and one atm, ‘a’ litre of N204 decomposes to NO; according 
to equation N204(g) === 2МОдру . To what extent has the decomposi- 
tion proceeded when the original volume is 2590 less than that of existing 
volume? 
А mixture of one mole of CO; and one mole of Н» attains equilibrium 
at a temperature of 250?C and a total pressure of 0.1 atm for the change 
СО) ар Ho(g) = CO) + НО). Calculate Kp if the analysis of final 
reaction mixture shows 0.16 volume per cent of CO. 
For the equilibrium: 

СО) + H20) => CO» + Нә) 
the standard enthalpy and entropy changes at 300 K and 1200 K for the 
forward reaction are as follows: 


AH°399 K = – 41.16 kJ тог! А оо к = — 0.0424 kJ тог ! 
АНУ 1909 к = — 32.93 kJ mor! 4591 200 к = — 0.0296 kJ тог ! 
In which direction will the reaction be spontaneous 
(a) At 300 K, 


(b) At 1200 K, 
Also calculate K, for the reaction at each temperature. 


The equilibrium mixture for 
250g) + Оде) = 250) 

present in 1 litre vessel at 600?C contains 0.50, 0.12 and 5.0 mole of 
SO», О; and SO, respectively. 
(a) Calculate Кс for the given change at 600°C. 
(b) Also calculate Kp. 
(c) How many mole of Оз must be forced into the equilibrium vessel 

at 600°C in order to increase the concentration of 503 to 5.2 mole? 
At 627°C and one atmosphere pressure 503 is partially dissociated into 
SO; and О» by 5Озру === SO»(g) + 202g). The density of the equi- 


librium mixture is 0.925 g/litre. What is the degree of dissociation? 
№0. is 25% dissociated at 37°C and one atmospheric pressure, Calcu- 
Іше: 
(а) Ар for №04 <= 2МО, 
(b) % dissociation at 37°С and 0.1 atm. 
In a mixture of № and Но in the ratio 1 : 3 at 30 atm and 300°C, the 96 
of NH; at equilibrium is 17.8. Calculate Ky for № + ЗН <= 2МНз. 
Тһе equilibrium concentration of the reactants and products for the given 
equilibrium in a two litre container are shown below: 

СІ) + Clg) < РС) 

2M 1M 4M 
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» Problem 18. 


» Problem 19. 


> Problem 20. 


> Problem 21. 


> РгоМет 22. 


> Problem 23. 


» Problem 24. 


» Problem 25. 


> Problem 26. 


NUMERICAL PHYSICA . CHEMISTRY 


(i) If 2 mole of Cl; are added іп the container, find the new equilibrium 
concentration of each. 
(ii) If the equilibrium mixture reported initially is transferred into 4 litre 
vessel, what would be the new concentrations at equilibrium? 
One mole of № and 3 mole of РСІ5 are placed in а 100 litre vessel 
heated to 227?C. The equilibrium pressure is 2.05 atm. Assuming ideal 
behaviour, calculate degree of dissociation of РСІ and Кр of the 
reaction: 
PCl; === PCh + Ch 
A mixture of 2 moles of CH4 and 34 g of H5S was placed in an evacuated 
chamber, which was then heated to and maintained at 727°С. When 
equilibrium was established in the gaseous phase reaction: 
CH4-2H5S === CS, + АН, the total pressure in the container was 
0.92 atm and the partial pressure of hydrogen was 0.2 atm. Calculate the 
volume of container. 
A graph plotted between 10210 Kc and ИТ is straight line with intercept 
10 and slope equal to 0.5. Calculate: 
(1) pre-exponential factor A. 
(ii) heat of reaction at 298 K. 
(iii) equilibrium constant at 298 K. 
(iv) equilibrium constant at 800 K assuming AH remains constant in 
between 298 K and 800 K. ей 
K, for the reaction, №+3Н, == 2МН, is 1.6х107 atm ^ at 
400°С. What will be Кр at 500°С? Heat of reaction in this temperature 
range is — 25.14 kcal. 
АС? for t М,43Н, «— NH, is -16.5 kJ mol! Find out К, for the 
reaction. Also report Къ and AG? for: 
М2-3Н) == 2МНз at 25°C. 
For gaseous reaction А+В === С, the equilibrium concentration of 
A and B at a temperature are 15 mol litre |, When volume is doubled 


1 


the reaction has equilibrium concentration of А as 10 mol litre '. 


* Calculate: 


0) Kc 

(ii) Concentration of C in original equilibrium. 

К, for the reaction М, + 3H, == 2ХН; at 400°C is 1.64 х 1074. Find 
Kc. Also find AG? using Ky and Кс values and interpret the difference. 
Equilibrium constant Кр for 2Н25(р) <= 2Ho(gj + 52(ы) is 0.0118 atm 


at 1065°С and heat of dissociation is 42.4 kcal. Find equilibrium 
constant at 1132?C. 


Н, and l} are mixed at 400°C in a 2.0 litre container and when 
equilibrium was established, [H1] = 0.49 M, |Њ] = 0.08 M and 
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Problem 27. 


Problem 28. 


ерігін 29. 


ПРИЧА МОТИВА 


Problem M. 


Problem 32. 


= 
"= 


- 
> 


[12| = 0.06 M. tf now an additional 0.4 mole of HI are added, calculate 
the new cquilibrium concentrations. 
0.0755 g of selenium vapours occupying a volume of 114.2 mL at 
700°C and 185 mm of Hg. The vapours are in equilibrium as: 
Беба) «== 35е) 
Calculate: 
(i) Degree of dissociation of Se, 
(1) Кр, 
(iii) Kc. 
Atomic weight of Se is 79. 
COF»(g) in presence of catalyst at 1000°C shows the equilibrium: 
2СОҒ 9) «x СО) Саа) 
At equilibrium 500 mL of the equilibrium mixture at STP contains 300 
inl, of (COF? and СО») at STP. If total pressure is 10 atm, calculate Kp. 
For NH4HS(,) <== МНзүру + H2Sq), the observed pressure for reaction 
mixture in equilibrium is 1.12 atm at 106°C. What is the value of Kp for 
(ће reaction? 
When 20 g of СаСОз were put into 10 litre flask and heated to 800°C, 
35% of СаСОз remained unreacted at equilibrium. Calculate Кр for 
decomposition of СаСОз. 
Some: solid NH4HS is placed in flask containing 0.5 atm of NH3. What 
would be pressures of NH4 and Н2$ when equilibrium is reached? 
NH4HS(, == МНз үр) + 280); К, = 0.11 
Al à certain temperature, Кр for dissociation of solid СаСОз is 


4х 107 atm and for the reaction, Се) + СО === 2CO is 2.0 atm 
respectively. Calculate the pressure of CO at this temperature when solid 
C, CaO, СаСО: are mixed and allowed to attain equilibrium. 
Ammonium carbamate dissociates ав: 

МАСООКМНа у == МА ар) + СО»). In a closed vessel containing 


инипонцио carbamate in equilibrium, ammonia is added such that partial 

pressure of NH3 now equals to the original total pressure. Calculate the 

ratio of total pressure now to the original pressure. 

In the preparation of quick lime from limestone, the reaction is, 
CaCO4, == Сао) + СО) 

I:xperiments carried out between 850°C and 950°C led to set of К, 


500 
values fitting in empirical equation In К,-7.282---- where Т is 


absolute temperature. If the reaction is carried out in quiet air, what 
minimum temperature would be predicted from this equation for almost 
complete decomposition of lime? 
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» Problem 35. 


» Problem 36. 


». Problem 37. 


» Problem 38. 


> Problem 39. 


» Problem 40. 


> Problem 41. 


> Problem 42. 


NUMERICAL PHYSICAL CHEMISTRY 


A vessel of 2.50 litre was filled with 0.01 mole of 56254 and 0.01 mole 
of H; to attain the equilibrium at 440?C as: 
59,546 + ЗНхе) == 256; + 3H5S( 
After equilibrium the Н2$ formed was analysed by dissolving it in water 
and treating with excess of РЫ to give 1.029 р of PbS as precipitate. 
What is value of Кс of the reaction at 440?C? (At. weight of Pb = 206) 
Sulphide ions in alkaline solution react with solid sulphur to form 
polyvalent sulphide ions. The equilibrium constant for the formation of 
522 апа Si from 5 and S% ions are 1.7 and 5.3 respectively. Calculate 
equilibrium constant for the formation of si from s and S. 
Calculate Кс for the reaction, КІ + D === KI}. Given that initial weight 
of KI is 1.326 g. Weight of KI; is 0.105 g and no. of mole of free Ip is 
0.0025 at equilibrium and the volume of solution is one litre. 
То 500 mL of 0.150 М AgNO; solution were added 500 mL of 
1.09 M Fe?" solution and the reaction is allowed to reach ап equilibrium 
at 25?C. 
Арба) + Беба) <> Fela) + Ар) 
For 25 mL of the solution, 30 mL of 0.0832 M KMnO, were required 
for oxidation. Calculate equilibrium constant for the reaction at 25?C. 
For the equilibrium: 
LiC3NHas; == LiClNH3) +2NH3, Кр = 9 atm? 
at 40°С. A 5 litre vessel contains 0.1 mole of LiCI-NH3. How many mole 
of NH; should be added to the flask at this temperature to derive the 
backward reaction for completion? 
Would 1% CO; in ай be sufficient to prevent any loss in weight when 
М:СО- is heated at 120°С? 
MjCO4, == М;0,)%СО;; 
Кр = 0.0095 atm at 120°C. How long would the partial pressure of 
СО: have to be to promote this reaction at 120°C? 
Under what pressure conditions CuSO4-5H20 be efflorescent at 25°C? 
How good a drying agent is CuSO4.3H30 at the same temperature? 
Given, 
Си50,5Н,О.) === CuSO4-3H20/,) + 28,0, 
Kn = 1.086 х 107^ atm? at 25°С. Vapour pressure of water at 25?C is 
23.8 mm of Hg. 
For the reaction, 
D Fein) + Hg == Fel) + Нел) 
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» Problem 43. 


» Problem 44. 


» Problem 45. 


> Problem 46. 


» Problem 47. 


» Problem 48. 


Кс-914х 1076 at 25°C. If the initial concentration of the ions аге 


Fe?* = 0.5 М, (Hg)** = 0.5 М, Бе 20.03 M апа Hg” = 0.03 M. 
What will be the concentrations of ions at equilibrium? 
When NO and МО are mixed, the following equilibria are readily 
obtained; 
2NO, — №0,  Zz,-68atm! 
and NO + NO, === МО | 
In ап experiment when NO and NO, are mixed in the ratio of 1 : 2, the 
final total pressure was 5.05 atm and the partial pressure of N4O4 was 
1.7 atm. Calculate: 
(а) the equilibrium partial. pressure of NO. 
(b) К, for МО + МО» — №03. 
‘Two solid compounds А and В dissociate into gaseous products at 20°C as 
(1) Ag) = Аб)+ 8а) (2) Bo) <= Бі)" Н280) 
At 20°С pressure over excess solid А is 50 mm and that over excess 
solid B is 68 mm. Find; 
(1) the dissociation constant of A and B. 
(ii) relative number of mole of A' and B' in the vapour phase over a 
mixture of the solids A and B. 
(13) Show that the total pressure of gas over the solid mixture would be 
84.4 mm. 
Solid NH4I on rapid heating in a closed vessel at 357?C develops a 
constant pressure of 275 mm Hg owing to partial decomposition of 
NII into NH3 and HI but the pressure gradually increases further 
(when the excess solid residue remains in the vessel) owing to the 
dissociation of HI. Calculate the final pressure developed at equilibrium. 
Ky for HI dissociation is 0.015 at 357°С. 
In a reaction at equilibrium, ‘х’ mole of the reactant A decompose to 
give | mole each of C and D. It has been found that the fraction of A 
decomposed at equilibrium is independent of initial concentration of A. 
Calculate x. 
The heat of reaction for an endothermic reaction in equilibrium is 
1200 cal more than at constant pressure at 300 K. Calculate the ratio of 
equilibrium constants Къ and Kc. 
Мә and О; combine at a given temperature to produce NO. At 
equilibrium the yield of NO is 'x' per cent by volume. If 


x=VK-ab – жин where К is the equilibrium constant of the given 


reaction at the given temperature and a and b are the volume percentage 
of N» and O; respectively in the initial pure mixture, what should be the 
initial composition of the reacting mixture in order that maximum yield 
of NO is ensured? Also report the maximum value of К at which ‘x’ is 
тахин. 
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»- Problem 49. 


> Problem 50. 


» Problem 51. 


» Problem 52. 


> Problem 53. 


NUMERICAL PHYSICAL CHEMISTRY 


The moisture content of a gas is often expressed in terms of the dew 
point. The dew point is the temperature to which the gas must be cooled 
before the gas becomes saturated with water vapour. At this temperature, 
water or ice (depending on the temperature) will be deposited on a solid 
surface. Dew point of H20 is -43?C at which vapour pressure of ice 
formed is 0.07 mm. Assuming that the CaClo owes its desiccating 
properties to the formation of СаС]5.2Н20О, calculate: 
(1) Kp at that temperature of the reaction, 
(1) AG? 
CaCb(-*2H;0(g, === Сасј 2820) 
Consider the equilibrium: P(g) + 2Q(g) <= Rig). When the reaction is 
carried out at a certain temperature, the equilibrium concentration of 
P and Q are 3M and 4M respectively. When the volume of the vessel is 
doubled and the equilibrium is allowed to be reestablished, the con- 
centration of Q is found to be 3M. Find: 
(a) Кс, 
(b) Concentration of R at two equilibrium stages. 
(i) The equilibrium Но) ар СО: р) <= НО) гс СОг) is estab- 
lished in an evacuated vessel at 723 K starting with 0.1 mole of 
Н» and 0.2 mole of СО. If the equilibrium mixture contains 10 
mole per cent of water vapour, calculate Kp, given that the equi- 
librium pressure is 0.5 atm. Calculate the partial pressures of the 
component species and the volume of the container. 
(1) If now, into the flask, solid CoO and solid Co are introduced two 
new equilibria are established. 
CoO.) +H) == Co(s) + НО 5 
СоО() + CO => Co(s) + CO»(g 
The new equilibrium mixture contains 30 mole per cent of water vapour. 
Calculate the equilibrium constants for the new equilibria. 
The equilibrium p-xyloquinone + methylene white = p-xylohy- dro- 
quinone + methylene blue, may be studied convinently by observing the 
difference in colour methylene white and methylene blue. One milli mole 
of methylene blue was added to 1 litre of solution that was 0.24 M in 
p-xylohydroquinone and 0.012 M in p-xyloquinone. It was then found 
that 496 of the added methylene blue was reduced to methylene white. 
What is the equilibrium constant of the above reaction? The equation is 
balanced with one mole each of 4 substances. 


А certain gas А polymerizes to a small extent at a given temperature and 

pressure, nA == Ал. Show that the gas obeys the approx. equation 
п- 1) К, [A] 

PU чес where Kc =—— апа V is the volume -of the 

RT wc! АГ 


container. Assume that initially one mole of А was taken in the container. 
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> Problem 54. А 100 dm” flask contains 10 mole each of М, and Н, at 777 К. After 


> Pioblem 55. 





Answers 

қ. 2. See solution ; 
\ See solution ; 4. 36.8 ; 
^. IKLS atm ; 6. 20.9% ; 
© boltre ; 8. 5.02 litre ; 
9 019 aun; 10. 33%; 
tih Loix 107 ; 
12. See solution , K52 891 x 10*at300 К, Кр=0.773 at 1200K ; 
1А (и) Ae = 83333 moll litre |, (b) Ky = 11.62 (atm) |, (c) 0.34 mole ; 
bh VOKS: ; 15. (a) 0.267 atm ; (b) 63.26% 
б Nue 229% 10 4 аша? : 
eo Ml LSM, Cb-L5M, РСІ-4.5М, 

ui) Ply 1.225 М, Сї5-0725М, РСІ; = 1.775 М ; 
ІН юа», Ар = 020; 19. 300.38 litre ; 
м (и 10°, di) -2.303 cal mol™!, (iii) 1.004 x 1079, (iv) 1.001 x 10!° ; 
| d462x107? atm? Я 
fh 77941 aml, 6.07 х 107 atm? ; 32.998 kJ ; 
А Ар 0.2 mol! їг", 45M ; 
ML Ae 0.5006 mol? litre 2, — 11.733 kcal, 4931 са! ; 
25. 0028 atm; 
Фо, 10: 0.1516 Af, Г, 0.13206 M, 11 20.5468 М ; 


equilibrium was reached, partial pressure of Нз was 1 atm. At this point 
5 litre of H2Oq) was injected and gas mixture was cooled to 298 К. Find 
out the pressure of gaseous mixture left. 


Calculate AG for the reaction at 25?C when partial pressure of reactants 
Н;, СО) H50, and CO are 10, 20, 0.02 and 0.01 atm respectively. 

Hs d со; . === 0.) + СО,» 
Given О" for Ho. 4 CO» a , H90qg and CO, аге 0, -394.37, —228.58, 


—137.15: kJ respectively. 
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. (i). 59% , (ii) 0.168 atm, (ій) 2.633 x 1077 mol? litre? ; 


ERO LA 
. 0.3136 atm? ; 
. 1.145 atm ; 
. МНз = 0.6653 atm, H2S = 0.1653 atm ; 
. 028 ; 222 Ем 
41 
. 894.26°С ; 35. 43x10 ; 
. 3.11 : 37. 0.032 ; 
ol 420" 39. 0.7837 mole ; 
. See solution ; 41. See solution ; 


‚ [Fe?*] = 0.4973 М, [Hg3"] = 0.4987 М, [Fe?*] = 0.0327 М, [Hg?*] 20.0327 М; 


1 


. (а) 1.05 atm, (b) 3.43 ат; 

. (1) А= 625 (mmy, В- 1156 (тт), (ii) 0.5407, (iii) 84.38 mm ; 
. 307.46 mm ; 

2-24 

. 1.648 x 1073 ; 


. See solution ; 
. (i) 1.178 x 108 atm, (ii) -35.544 kJ ; 


1 
. (а) К, = == litre? mol?, (b) 4M, 1.5 М 


‚ (i) Ку-7.56х 10°, Pipo 2 0.05 atm, Ри, = 0.1166 atm, 


Рсо = 0.2833 atm, V=35.6 litre, (її) Kc = 9.04, Kc. = 110.1 ; 


. 478. ; 

. See solution ; 
. 2.25 atm ; 

. -5.61 kJ 


ут" 
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A. 
ДА 
4 
Е 
6. 
7. 
Н, 
9, 
. 





Problems for Self Assessment 


What is equilibrium constant for the reaction: 
BABS) Ва, АяО),.)%3Н" ==  2Ag,AsO,u + 385" + 3Ba”* 
Given К, for HS is 110х107! and Кер for Ваз (А5О,),, Ag;S and 


Ag4ASsO, аге 7.70 x 10751 2.0 x 1079 and 10 x 10722 respectively. 


The value of Кс for 2HF() = Hyg) + Fz) is 1.0x 10 7? at a particular 
temperature. At a certain time, the concentration of HF, H, and F, were found to 


he 0.5, 1 x 1077 and 4 x 1077 mol litre ” respectively. Predict whether the reaction 
is in equilibrium? If not, what is the direction of reaction to attain equilibrium? 
Show that for the reaction АВ, === Аб) + Br, the total pressure at which 
AB is 5096 dissociated is numerically equal to three times of Кр. 


When 1 mole Н,Орру and 1 mole CO, are heated at 1000°C in a closed vessel of 
5 litre, it was found that 4096 of Н,О react at equilibrium according to 
ШІ Хе) + СО ус Hye) + CO») Find Кс of the reaction. 

0.96 g of hydrogen iodide was heated to 450?C till the equilibrium was reached. 
It was then quickly cooled and the amount of iodine formed required 15.7 mL of 
МПО Ма5-О;. Calculate degree of dissociation of HI at 450°C. 

МО, is 25% dissociated at 37°С and one atmospheric pressure. Calculate: 

(а) K. for NO, «== 2МО, 

(d) 96 dissociation at 37°С and 0.1 atm. 

А mixture of SO, and О, under atmospheric pressure in the ratio of 2 : 1 is passed 


over a catalyst at 1170°С. After equilibrium-has reached, the gas coming out has 
heen found to contain. 87% 504 Бу volume. Calculate К Юг 


P 
50; + 0; == 503. 
n mole each of H,O, Н, and О» are mixed at a suitable high temperature to attain 


the equilibrium 2Н,О <= 2Н,-40, If y mole of H,O are dissociated and the 
total pressure maintained is P, calculate the Кр. 


Pure PCI, is introduced into an evacuated chamber and comes to equilibrium at 
2509С and 2 atmosphere. The equilibrium mixture contains 40.7% Cl, by volume. 


(a) What are the partial pressures of each constituent at equilibrium? 
(h) What are Кр and Kc? 


(c) If the gas mixture is expanded to 0.200 atm at 250?C, calculate 
(i) The % of PCI; dissociated at this equilibrium. 


(ii) The partial pressure of each at equilibrium. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 
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4.5 g of PCl; were completely vaporised at 250°C and the vapours occupied 1.7 
litre at one atmospheric pressure. Calculate the degree of dissociation, Кс and К, 
for the reaction, 
PCI; == РСІ + CL 

5 mole of PCl; and 4 mole of neon are introduced in a vessel of 110 litre and 
allowed to attain equilibrium at 250?C. At equilibrium, the total pressure of reaction 
mixture was 4.678 atm. Calculate degree of dissociation of РС!; and equilibrium 
constant for the reaction. 

In the decomposition of Н,О, at 300 K, the energy of activation was found to be 18 


kcal mol}, it is decreased to 6 kcal mol! when the decomposition was carried out 
in presence of catalyst at 300 K. How many times is the catalytic reaction faster than 
the uncatalysed one? 
A mixture of N, and H, in the molar ratio 1 : 3 at 50 atm and 650°C is allowed 
to react till equilibrium is obtained. The NH, present at equilibrium is 25% by 
weight, calculate K, for 
М,-3Н, == 2NH 
For a reaction А + ЗВ == 2C, the reaction was carried out at a temperature 
of 400°С and pressure 1 atm in closed container with the molar ratio of A: B 
as 1:3. At equilibrium, (C) was found to be 20% of the mixture. What are 
K, and Кс? 
A two litre vessel contains 0.48 mole of CO», 0.48 mole of H5, 0.96 mole of 
Н,О and 0.96 mole of CO at equilibrium. 
НСО 
(а) How many mole and how many р of Н» must be added to bring the 
concentration of CO to 0.6 M? 
(b) How many mole and how many g of СО; must be added to bring the 
concentration of CO to 0.6 M? 
(c) How many mole of Н2О must be removed to bring the concentration of CO 
to 0.6 M? 
For the gaseous reaction; 
CH, + DjO == Ср, + Њ0; 
АН is 530 cal. At 25°С К. = 0.82. Calculate how much Сур, will be formed if 1 
mole of C,H, and 2 mole ог Р.О are put together at a total pressure of | atm at 
100°C? 
The rate of disappearance of A at two temperature for the equilibrium А === В 
is given by: 
ЧА] _ 
o" 
41 
4 ! 


2х 10-2 [A] - 4x 10? [B] at 300 К 


4х 10 2 [A] = 16x 10 * [B] at 400 К 


| 
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20. 


21. 


22. 


25. 


Calculate: 

(i) equilibrium constants at 300 К and 400 К and 

(il) heat of reaction. 

Carbon was heated with 1.0 g hydrogen in a 5.0 litre flask at 1000°C. At equilibrium 
0.22 g of CH, was found in tank. Calculate the equilibrium constant for the 


equilibrium Сб) + 22) == CH. Assume that no other reaction takes place. 
For the dissociation of phosgene gas, the value of К, at 100°C is 6.7 х 107° atm. 


Find the fraction of phosgene dissociated at this temperature when 1 mole of 
phosgene is placed in 100 litre vessel containing nitrogen at partial pressure of 1 
atm. у 


0.1 mole of ethanol and 0.1 mole of benzoic acid are allowed to react. At 
equilibrium, the mixture is treated with 0.85 M NaOH solution and the titre value 
was 100 mL. Assuming that ester is not hydrolysed by the base. Calculate Кс for 


the reaction, 
The equilibrium constant for the reaction: | 

ЕО,,) +С0 < ЗЕО,, + СО, 
at 600°C is 1.15. If a mixture containing initially 1 mole of Fe4O,, 2 mole of CO, 
0.5 mole of FeO and 0.3 moles of СО, were heated to 600°С at constant pressure 
of 5.0 atm, calculate the amount of each substance at equilibrium. 


-Kp for МН;НЅ == МН, + Нор) is 0.0529 at 26°С. 0.092 mole of solid 


МН, Н5 are introduced into 2.46 litre evacuated vessel at 26?C. 

(i) Calculate the 90 of solid NH4HS decomposed. 

(ii) Calculate the number of moles of NH3 to be added to reduce the decomposition 
to 1% of the solid at the same temperature. 

If for the reaction МО + Hog) е Nit 206) AG? = –9000 cal at 500°C. 

What ratio of pressures of Н, and Н,О vapour will be in equilibrium with nickel 

and nickel oxide at 500?C. 

Anhydrous calcium chloride is often used as a dessicant. In the presence of excess 

of CaCl,, the amount of the water taken up is governed by Кр= 6.4 x 1095 for the 

following reaction at room temperature. CaCb(, + 6H;0(,) —9 СаСІ;-6Н;О)). 

What is the equilibrium partial pressure of water in a closed vessel that contains 

СаСђ з). 

A sample of СаСО; ху is introduced into a sealed container of volume 0.821 litre 

and heated to 1000 K until equilibrium is reached, The equilibrium constant 

for the reaction СаСОз, «—* СаО, + СО is 4 x 1072 atm at this temper- 

ature. Calculate mass of CaO present at equilibrium. 
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29. 


31. 


32. 
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The dissociation pressure of solid ammonium hydro-sulphide at 27°С is 60 cm. 
What will be thc total pressure when it dissociates at the same temperature in 
presence of NH, at a pressure of 45 cm? Assume NH,HS dissociates completely 
into NH; and HS. 


The reaction : 3Fe(, + 4Н,0 („ухаа Fe304,, + 4H», attains the equilibrium and 


the equilibrium mixture of steam and hydrogen has partial pressures of 50 mm and 
940 mm respectively at 250°С. Calculate the partial pressure of steam at equi- 
librium when the partial pressure of hydrogen at equilibrium is 1800 mm. 


A saturated solution of L, in water contains 0.33 g litre! of I, more than this can 
be dissolved in a KI solution because of the following equilibrium: 


Ь+Г === 1. А01 M KI solution (0.1 M I ) actually dissolves 12.5 g/litre 


Г, most of which is converted to L.. Assuming that the concentration of I, in all 
saturated solution is the same, calculate the equilibrium constant (Кс) for the above 
reaction. What is the effect of adding water to clear saturated solution of I, in KI 
solution. 

In the reaction CuSO43H)0«, ==> CuSO, H3Os + 29060, the dissociation 
pressure is 7 Х 1073 atm at 25°C and АН” = 2700 cal. What will be the dissociation 
pressure at 127°С? 

In a closed container nitrogen and hydrogen mixture initially in а mole ratio of 
1: 4 reached equilibrium. It is found that the half hydrogen is converted to 
ammonia. If the original pressure was 180 atm, what will be the partial pressure 
of ammonia and total pressure at equilibrium. (There is no change in temperature) 
Calculate the enthalpy and equilibrium constant K, of reaction ; 


N20, === 2МО, at 348 К. The density of an equilibrium mixture of NO, and 
NO, at | atm is 3.62 g/litre at 288 K and 1.84 g/litre at 348 К. Also report the 
change in entropy during the reaction at 348 K. Also predict the colour change 
when temperature increases from 288 K to 348 K. 


A gaseous mixture containing 50% CO», 45% CO and rest N, was passed at 
1400 K over ZnO granules to produce Zn vapours following the reaction : 


ZnO) + CO === Zn) + СО;. At equilibrium, the rate of input of gas flow at 
STP is 224 mL/min. The rate of loss of mass of ZnO is 5 x 107!" mol/min. 
Calculate К, for the reaction at 1400 K, assuming ideal gas behaviour. 


/ 
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Answers 
1. 4.63 x 1078 : 2. Backward reaction will follow ; 
3 —do— ; 4. 0.444 ; 
5. 20.996 ; 6. (a) 0.267 atm, (b) 63.26% ; 
2 
7. 4822 atm? я 8. а Оа m 


(Зп + 5/2) (п у) | 

9. (а) Ра, = Ра, = 0.814 ат, Ра, =0:372 аш, 

(b) 1.78 аш, 0.04 mol litre !, 

(c) (i) 94.8%, (и) 0.0053, 0.097 atm ; 
10. 83.5%, 5.09 х 1072 mol litre", 2.302 atm ; 
11. 0.6, 1.75 atm ; 12. 4.8 х 108 times ; 
13. 1.434 x 1075 atm? ; 
14. К, = 1.33 aun, Кс=4.07х 10 М? ; 
15, (и) 1.26 mole, 2.52 р, (b) 1.26 mole, 55.44 р, (с) 1.008 mole ; 
16. 0.04 mole of С ; 
17. (1) Sut 300 K, 25 at 400 К, (ii) 3.863 kcal ; 
ІН. Kc 0.308 litre mor! 2 19. 148х 107 ; 
20. 0.0311 ; 
21. СО; = 1.23 mole, СО = 1.07 mole, Fe404- 0.07 mole, FeO = 3.29 mole ; 
22. (i) 25%, (ii) 0.578 mole of NH3 ; 


23. 297х103; 24. Ридо 7 5x 1077 аш ; 
25. 224 mg ; 26. 75cm ; 
27. 95.76 mm ; 28. 707, Reverse reaction is favoured ; 


29. 1246 x 10 Зат ; 
№. Рун, = 48 atm, Рт = 132 atm. 


M. ApS 0.0228 atm at 288 K, К, = 5.283 atm at 348 К, AH = 18.196 kcal, 


AS = 55.62 cal, the brown colour will deepen. 


М. К,-5.776 x 10? mol litre"! 





lonic Equilibrium 
Chapter at a Glance 


l'or weak mono-basic acid or for weak mono-acidic base dissociation 
Co? 
а= - (1) 
(1-0) 
K, is dissociation constant of acid, œ is degree of dissociation at concentration С 





I! а is small 


K, = Ca^ (2) 

К, a 
T a= 7 = МА, V) вк) 
Similarly Ky = Со? 2.4) 


A), is dissociation constant of base 


1) 
41% 
a - = КУ 4.45) 


Relative Strenytli 


Үзэм сан нг Rehttive strength ү ! 5 (6) 
Ki, 
К, 
Vor strong и: Relative strength =: .. (7) 
2 
where Кү, К, ure rate constant of hydrolysis of esters in presence of acids. 
fonie Product of water and pli: 
Ay = IH TIO] = 1074 at 25°C .. (8) 
A w is onie product of water 
pH = – log [H*] .. (9) 
luulerson Equation or pH of buffer solutions 
Гн ackdic buffer mixtures: 
alt 
pH = pK.. + log Bou) (10) 


|Acid| 
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For basic buffer mixtures: 
[Salt] 
[Base] 





РОН = pK, + log 
5 n 
Buffer capacity — ApH 
Solubility Product: 
For solute АхВу <==> хА”-уВ” 
Ksp = [А У [B P 
Ху ‘sy? 
where S is solubility of salt in mol litre”! 


Salt Hydrolysis 
Hydrolysis constant (Кн): 


К 
For weak base + strong acid зак Кн = m 
b 
Ky 
For weak acid + strong base salt Кн = E 
а 
Е Касд kbasesalt КҚ Ew 
or weak acid + weak base sa H^ kx Ks 


Degree of hydrolysis and pH of salt in solution 


^ ! Ка 
VK. с 
pH = > [pKw - log € - pK] 


: Кн ! Ку 
For weak acid + strong base salts : h = V = N K.C 


РОН = > [рК – log C - рКа] 


pH = + [PKw + pKa + log C] 


А | Ky 
For weak acid + weak base salts: h = Кн = Kx Ki 
а 


‚ рРН=1 [pKy + pK; – pKy] 





Бу. 
For weak base + strong acid salt: л = 5 = 





oe stil) 


. (12) 


. (13) 
. (14) 


. (15) 
. (16) 


4417) 


. (18) 
. (19) 
. (20) 
. (20 
. (22) 
...(23) 


. (24) 
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> Problem 1. 


» Problem 2. 


ж Vroblom 3. 


» Problem 4. 


» Problem 5. 


» Problem 6. 


> Ізінен! 7. 


» Problem 8. 


» Problem 9. 


» Problem 10. 


» Problem 11. 


» Problem 12. 


The Basic Probiems with Solution 





(a) Suggest a solvent in which aniline acts as strong base. 

(b) Write equation for the auto ionisation of (1) НСООН, (ii) NH;. 

(c) [AI(H50?* is acid or base and write its conjugate partner and 
reaction. 

(d) Write the order of acidic nature of HCl, HCOOH and СНСООН 
in (i) Н-О, (ii) liq. NH}. 

The ionization constant of propionic acid is 1.32 x 10^. Calculate 

the degree of ionization of the acid in its 0.05 M solution and also its 

pH. What will be its degree of ionization in the solution of 0.01 № 

HCI? 

Тһе ionization constant of dimethyl amine is 5.4 x 1075. Calculate its 

degree of ionization in its 0.02 M solution. What percentage of 

dimethy! amine is ionized if the solution is also 0.1 М in NaOH. 

The pH of 0.1 M solution of cyanic acid (HCNO) is 2.34. Calculate 

the ionization constant of the acid and its degree of ionization in the 

solution. 

Calculate the degree of ionization of 0.05 M acetic acid if its pK,, 

value is 4.74. How is the degree of dissociation affected when its 

solution is also (a) 0.01 M and (b) 0.1 M in hydrochloric acid? 

The pl ofa 0.005 M codeine (Cj з3Н МО.) solution is 9.95, Calculate 

its ionisation constant. 

Determine degree of dissociation of 0.05 M NH; at 25°С in a solution 

of pile HH. 

Ку and А for dissociation of H54 are 4 х 1073 and 1 x 1075. Calculate 

concentration of 427 ion in 0.1 MH, A solution. Also report [Н] and 

pH. 

The first ionization constant of H5S is 9.1 x 1078. Calculate the 

concentration of HS” ion in its 0.1 M solution and how will this 

concentration be effected if the solution is 0.1 M in HCI also. If the 

second dissociation constant of H5S is 1.2 х 1079, calculate the 

concentration of S^- under both conditions. 

The ionization constants of HF, HCOOH and HCN at 298 K are 

6.8 x 1075, 1.8 x 107 and 4.8 х 10? respectively. Calculate the 

ionization constants of the corresponding conjugate base. 

Calculate pH of : 

(a) 10° NHNO, (6) 1073 MH,SO, (с) 10? У H5SO,, 

(d) 0.01 N HCl, (e) 1075 N HCI, (f) 10? M HCI. 

Calculate pH for : 

(а) 0.001 М NaOH, — (D) 0.01 УСа(ОН),, (c) 0.01 М Ca(OH), , 
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» Problem 13. 


> Problem 14. 


> Problem 15. 


> Problem 16. 


» Problem 17. 


> Problem 18. 


> Problem 19. 


> Problem 20. 


> Problem 21. 


» Problem 22. 


» Problem 23. 


» Problem 24. 


» Problem 25. 


NUMERICAL PHYSICAL CHEMISTRY 


(d) 105 M NaOH, (е) 102 M NaOH, — (90.0008 M Mg(OH), 
Assume complete ionisation of each. 
The pH of 0.05 M aqueous solution of diethyl amine is 12.0. Calculate 
Ку, 
Calculate the pH of the following solutions : 
(a) 2 g of TIOH dissolved in water to give 2 litre of solution. 
(b) 0.3 g of Ca(OH), dissolved in water to give 500 mL of solution. 
(c) 0.3 g of NaOH dissolved in water to give 200 mL of solution. 
(d) 1 mL of 13.6 M НСІ is diluted with water to give | litre of solution. 
Calculate the hydrogen ion concentration in the following biological 
fluids whose pH are given below : 
(a) Human muscle-fluid 6.83 (b) Human stomach fluid.1.2 
(c) Human blood 7.38 (d) Human saliva 6.4 
If 0.561 g KOH is dissolved in water to give 200 mL of solution at 
298 K. Calculate the concentrations of potassium, hydrogen and 
hydroxyl ions. What is its pH? 
The solubility of Sr(OH), at 298 К is 19.23 g/L of solution. Calculate 
the concentrations of strontium and hydroxyl ions and the pH of the 
solution. 
How many mole of Ca(OH), must be dissolved to produce 250 mL of 
an aqueous solution of pH 10.65, assuming complete dissociation? 
The solubility of Mg(OH), in pure water is 9.57 x 10? g litre. 
Calculate the pH of its saturated solution. Assume 100% ionisation. 
Calculate the pH of a solution made by mixing 50 mL of 0.01 M 
Ba(OH), with 50 mL water. Assume complete ionisation. 
A solution of НС! has a pH = 5. If one mL of it is diluted to 1 litre, 
what will be the pH of resulting solution? 
A solution of 0.01 M concentration of МН,ОН is 2.6% dissociated. 
Calculate [Н], [ОНТ], [NH4*], [NH4OH] and pH of solution. 
Іопіс product of water at 310 К is 2.7 х 10714, What is the pH of 
neutral water at this temperature? 
The K,, Тог 2Н,О === Н,О" + ОН” changes from 107^ at 25°C to 
9.62 х 107!" at 60°C. What is pH of water at 60°С? What happens to 
its neutrality? 
Calculate the pH of a solution of given mixtures; 
(а) (4g СН;СООН + бр CH;COONa) іп 100 mL of mixture; 
K, for CH;COOH = 1.8 x 107 
(b) 5 mL of 0.1 M МОН + 250 mL of 0.1 M MCI; 
К, for MOH = 1.8 x 10? 

(с) (0.25 mole of CH;COOH + 0.35 mole of CH;COONa) in 500 mL 

mixture; K, for СНСООН = 3.6 x 107 


IONIC EQUILIBHIUM 609 


> Problem 26. 


>- Problem 27. 


> Problem 28. 


> Problem 29, 


в Plioblem M. 


> Problem v2. 


b Froblem 3.3. 


ж Problem 34. 


» Froblem 3%, 


» Problem 36. 


> Mroblem 37. 


How many mole of NH4CI must be added to one litre of 1.0 M NH4OH 
to have a buffer of pH = 9. Kyro = 1.8 х 10-5? 

The ionization constant of formic acid is 1.8 х 107. Around what pH 
will its mixture with sodium formate give buffer solution of higher 
capacity. Calculate the ratio of sodium formate and formic acid in a 
buffer of pH 4.25. 

How much of 0.3 Af ammonium hydroxide should be mixed with 30 
ml. of 0.2 Af solution of ammonium chloride to give buffer solutions 
of рїї 8.65 and 10, Given pK, of NH4OH = 4.75. 

How much volume of 0.1 АМ HAc should be added to 50 mL of 0.2 М 
Мале solution if we want to prepare a buffer solution of pH 4.91. 
tiven pA, of СПО СООН = 4.76. : 

He Ionization constant of phenol is 1.0 x 1079, What is the 
сэрссийгайон of phenate ion in 0.05 M solution of phenol? What will 
In: its degree of ionization if the solution is also 0.01 M in sodium 
plienate? 

Пе ionization constant of chloroacetic acid is 1.35 x 1073. What will 
he pl lof 0.6 M acid and its 0.1 M sodium salt solution? 

Calculate the pH of the mixture formed by the addition of 5, 9, 9.5, 
9.9, 9,95, 10, 10.05 and 10.1 mL of 0.5 M KOH solution to 100 mL of 
0,05 НВг solution. What will be the most suitable indicator for this 
titration? 

Calculate the pH of the resultant mixtures : 

(и) 10 ml, of 0.2 M Ca(OH), + 25 mL of 0.1 M HCI, 

(b) 10 ml. of 0.01 M H5SO, + 10 mL of 0.01 M Ca(OH), 

(сэ 10 ml. of 0.1 М H5SO, + 10 mL of 0.1 M KOH. 

Henzoie acid is monobasic and when 1.22 g of its pure sample after 
dissolution in distilled water is titrated against a base it uses 50 mL of 
0.2 M NaOH. Calculate the molar mass of benzoic acid. 

Determine the solubilities of silver chromate, barium chromate, ferric 
hydroxide, lead chloride and mercurous iodide at 298 K from their 
solubility product constants given below. Determine also the molarities 
ol individual ions. 





А Ауто) = 11 0° К<ювасто) = 1-2 x 1077"; 
Aspen] = LU Х “гүй! Ksp(poch) = 1.6 х 10%; 
Купшы) = 4.5 х 1077, 

Кер of BaSO, is 1.5 х 107. Calculate its solubility in : 

(1) pure water ; (ii) 0.10 M BaCl, . 


What is the maximum concentration of equimolar solutions of ferrous 
sulphate and sodium sulphide so that when mixed in equal volumes, 
there is no precipitation of iron sulphide. For iron sulphide 
Кер 6.2 х tar. 
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> Problem 38. 


> Problem 39. 


> Problem 40. 


> Problem 41. 


> Problem 42. 


> Problem 43. 


> Problem 44. 


> Problem 45. 


> Problem 46. 


NUMERICAL PHYSICAL CHEMISTF Y 


Equal volumes of 0.002 M solutions of sodium iodate and copper chlorate 
are mixed together. Will it lead to precipitation of copper iodate? For 
copper iodate Кер = 7.4 x 105. 

What is the minimum volume of water required to dissolve 1 g of 
calcium sulphate at 298 К. For calcium sulphate, Кур is 9.1 х 10°. 


50 mL of a sample of clear saturated solution of Ag;CrO, requires 20 
mL of a X M Pb(NO3), for its titration. What is the value of X. Ksp for 
Ag;CrO, is 1.6 x 10717, 

Calculate pH of a saturated solution of Mg(OH)). Ksp for Mg(OH), is 
8.9 x 10717, 

The ionization constant of ammonium hydroxide is 1.77 х 1077 at 
298 K. Calculate the hydrolysis constant of ammonium chloride and 
pH of 0.04 M ammonium chloride solution. 

Calculate the pH of 0.05 M sodium acetate solution if the pK, of 
acetic acid is 4.74. 

The pK, of acetic acid and pK, of ammonium hydroxide are 4.70 and 
4.75 respectively. Calculate the hydrolysis constant of ammonium 
acetate at 298 K and also the degree of hydrolysis and pH of its 
(a) 0.01 M and (b) 0.04 M solutions. 

The ionization constant of nitrous acid is 4.5 х 1077. Calculate the pH à 
of 0.04 M sodium nitrite solution and also its degree of hydrolysis. 
A 0.02 M solution of pyridinium hydrochloride has pH = 3.44. 
Calculate the ionization constant of pyridine. 
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Answers 


(a) liquid acetic acid, (b) see solution, (c) see solution, (d) see solution ; 
1.63 x 1072, 3.09, 1.32 х 103; 3. 0.0054; 


4.57 х 107, 2.09 х 1077, 5. 0.0018, 0.00018 ; 

5.78 ; 7. 296; 

[H*] = 0.018 M, pH = 1.7447, НА = 0.018 М, [H54] = 0.082 М; 
[4] = 10° M. 


I [HS] = 9.54 x 10? M; И [HS7] = 9.1 x 105; [S7] in I= 1.2 x 107? M, 
[S^] in Il = 1.092 x 107? M; | 

Е = 1.47 х 107! , НСОО` = 5.6 х 10 , СМ = 208 x 1077; 

(а) 3, (b) 2.6989, (c) 3, (d) 2, (e) 6.9586, (f) See solution ; 

(a) 11, (b) 12, (c) 12.3010, (d) See solution, (e) See solution, (f) 11.2041; 
2.5 x 10? ; 

(a) 11.6548, (b) 12.21, (c) 12.574, (d) 1.8665 ; 

(а) 1.479 x 1077 M, (b) 6.31 x 10? M, (с) 4.17 x 1075 M, (d) 3.98 x 1077 M; 
12.6998, [H'] = 1.996 x 107", [K*] = 5.01 x 1072; 

ОН = 0.316 M, Sr^* = 0.158 M, pH = 13.4997; 


5.58 x 10^ mole; . 19. 10.52; 

12, 21. 6.9788, 

10:415, 23. 6.785; 

0.51: 25. (а)4.7851, (b) 7.5563, (c) 3.5898; 
18; 27. 3247 

109.9 mL ; 29. 70.80 mL; 


447 x 107, 22x 10% M, 10х 107: 

194, 7.94 ; 

(1) 1.62, (ii) 2.34, (11) 2.64, (iv) 3.34, (v) 7.0, (vi) 10.35, (vii) 10.66; 
(а) 12.0125, (b) 7, (c) 1.3010; 34. 122; 

Ан 1.30% 107 M, СгО = 6.5 x 10? M, Ва = Стол = 1.1 x 10? M, 


Fe" 1,39 х 10710 M, ОН = 4.17 x 10719 М, Pb?* = 1.59 x 10-2 М, 
CL 3.18 x 107 M, Hg = 2.24 x 107 M, Г = 4.48 х 107? М; 
3.87 x 107 M, 1.5 x 107 М; 37. 5.02 x 10° M; 

10%: 39. 2.43 litre water ; 

1.84 x 107M: 41. 10.4168; 

532; 43. 87195: 


3.23 х 1077, 5.68 х 102, 7.005; 45. Л-236х107, 7.975; 
1,52 x 10” 
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Solution 





Solution 1. (a) Aniline (a weak base) acts as strong base in liquid acetic acid. 
О 2HCOOH -—-HCOO' + HCOOH,* 
(ii) 2NH, === NH,’ + NH; 
(с) [AI(H,0),]** is acid ; 


ГАКН,О),Г" + Н,О === [AKH;0),0H]^* + НО" 
Conjugate base 


(d) (i) In Н,О: НСІ > HCOOH > СН,СООН 
(ii) In liq. NH; : All are strong acids. 


Solution 2. СН,СН,СООН === #CH;CH,COO + H* 





с(1 – а) са са 
$ |СН,СН,СООГН"| | ca.ca 2 
= 1.32 x 332 À- = “1-аж 
LI ы ГСН,СН,СООН) о) тк 7800 
0.05 ха? = 1.32 x 107; 
а = 1.63 х I0? 
pH =- log [H*] = – log (ca) 
= — log (0.05 x 1.63 x 10-2) = 3.09 
In 0.01 N HCI: [Н+] = 0.01 and thus 
5 _ ca х 0.01 
1.32x 10 ТЕДІ 
= qx 0.01 (1-а=1) 
^ а = 1.32 x I9? 
Solution 3. (CH4NH; + H0 == (СН;),МН; + ОН" 
base acid 


(СН, )уМН, ЈОН] со-са со? 
b СНз) МН] 1-а) (1-о) 
5.4 x 10 = 0.02 х o2 


а = 0.164 
са? 
Since а> 0.05, we will use Kj 77 —- 
(1-о) 
jos 002 а? 
Or 54х107- (1-а) 
Now а = 0.151 


In presence of NaOH, the dissociation of diethyl amine will decrease 
due to common ion effect. Thus 0.1 + ca = 0.1 ааа 1 a | 
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ca x (0.1 + ca) 








Thus К,= 5.4 х 2 тес жанды 
ог a=5.4 x 1073 = 0.0054 
Solution 4. HCNO == 4H + | смо" 
нэ" <(1-о) со А ca 
pH =2.34 – log [Н*] = 2.34 
or [H*] = 4.57 x 10? 
or са = 4.57 x 10? 
. 0.1 x а =4.57 x 10? or a = 4.57 x 10? 
T К, = со?= (4.57 x 1072)? x 0.1 = 2.09 x 1074 
Solution 5. CH,COOH === СНСОО + Н? 
-—X99)—— — | 0 0 
1-4 а a 
(рК,= Јов К,= 4.74, . Kq= 1.82 х 107) 
са? 2 
Калау A (1-а= 1) 
а =4|-- = 182x107 -0019 or 1.994 
0.05 
* Always calculate a first by К, = co? , if a > 5% then use again 
са? 
(1-а) 
(а) If H” are already present (due to НСІ) 
СН,СООН === CH,COO + H* 
| 0 0.01 
(1-0) са [0.01 + сој 
“ЇСН,СООГЇН"| ca x (001+ са) 
^ ЇСН,СООН| 0-0) 
Since presence of H* will favour the severse reaction or o. will decrease 
ie., 0.01 + са —0.01 and !-а=1 (dueto common ion effect) 
Г 0.05 x a x 0.01 
à; 0.05 
Ё a= 1.82 x 10? =0.0018 


(b) Similarly solve for 0.1 МНС! 
a = 0.00018 


Solution 6. pH = 9.95, Thus codeine is a base. 
C,gH,,NO, + HO ——> Codeine* + ОН? 
Ї 0 0 
(1-а) а а 
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or 


Also 


Now 


Also 


Solution 7. 


Given, 
Since, 


Solution 8. 


or 


or 


NUMERICAL PHYSICAL CHEMISTRY 


[ОН ] = са 
10: 
n = са (“ІН JOH" )= 107%) 
РН = 9.95 . -ювН"-995 ог [Н'] = 112 x 10719 
10:14 
Li xq -0.005 ха 
а = 0.0179 ог 1.79% 
 [Codeine]' [OH ] сахса. ca^ 
b [Codeine] c(1-a) (l-a) 
‚ 0.005 x (0.0179)? m 
С s m x 
^ (1–0.0179) LER 
pK, = 5.78 
NH4OH === NH, + ОН” 
1 0 0 
c(1 — a) са. са. 
pH = 11 
(11540: [-tH 108] 107] 
[ОН] = 10? = са 
с = 0.05 
102 103 
"m RA ME =2x 10° or 2% 
c 0.05 


НА == H + НА 


ОН НАД _ 
| [н;4] 
[Н] = са, [НА] ca; [H54]*c(1- o) 


=4x 103 


caca _ ca? 


-3 = = = 

4х 10 4125) (28) (с= 0.1 M) 
e _Олха“ 

4x 10 Тау (1 а should not be neglected) 
а = 0.18 


[Н*] = са =0.1 x 0.18 = 0.018 M 


рН = 1.7447 


[H4] = са = 0.1 x 0.18 = 0.018 М 
ЇН,41 =с(1-а)=0.1(1 - 0.18) = 0.082 M 
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Now НА further dissociates to Н! and A~ ; c, = [H4] = 0.018 M 
НА“ =—Н* + 4? 





1 0 0 
(1-a) 27 | 
- ye A 
^ К. =1х jos HE ШИЛ 
€ x ІНА” | 


ч [H^] already in solution = 0.018 and thus, dissociation of HA” further 
suppresses due to common ion effect and 1— а = 1 





_ 0.018 х са 
[x ОР 0018260; 
Ctl- Gy) 
1х 1077 Е" 
= = 5.55 х 107 
91 0018 


[473] = слои = 0.018 x 5.55 x 10^ = 105 M 
[НА] = су (1 - aj) =c] = 0.018 M 








Solution 9. ^ HS == Н + HS 
са - а) са са 
= -s [H']IHS ] 022. str 
I Ka, 9.1 x 10 [H,S] (Given [H5S] = 0.1 = с) 
2882 
а. 208 ай 52 
9.] x 10 eia) ca? (7 l-as 1) 
9.1 x 108 =0.1х < 
а=9.54 x 104 
[HS7] = ca = 0.1 х 9.54 x 10^ = 9,54 x 10^ M 
ll If [H'] =0.1 then 
La 3 [H HS] 01хса a 
K,,= 9.1 x 10 H.S] я 0.1 ха 
а =9.1х 107 
[HS7] =са= 0.1 х 9.1 х 107 =9.1 x 19? М 
157 | in I Case: HS = H' * s? 
(9.54 x 105 - x) (9.54 x 1075 + x) x 


ІН" 1871 _ (954x 1075 + х). х 
ІН871 (9.54 x 10? – x) 
or х= Ka 


К.,-12х10:3- 


(x is very very small due to common ion effect) 
or [52] = 1.2 x 19? M 
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Solution 10. 





Solution 11. 


(а) 


(b) 


(с) 


NUMERICAL. PHYSICAL CHEMISTRY 
[52| in И Case : 1,5 === 21! р s^ 
c(l- а) 0.1 ca 
А ЧЕЗГЛЕТІ Ваа 
МТ [H.S] c(1- a) 
9.1x 10 x 12107" 
10? 


[527] = са – 0.1 x 10.92 x 107!" 
= 1.092 x 107? = 1.092 x 107? М 





= 10.92 x 10779 


For conjugate acid-base pair : К, x Ky = КА 


-M 


K, of F = —— —- = | Да“ 
68x 10 
1 -14 
K, of HCOO™ = — —— =5.6 x 10"! 
à 18x 107 
107 
Ky of CN = —— = 2.08 x 197 
4.8x10 


Strong acids ionise completely at normal dilutions. 


10? N HNO; : HNO, == н" + МО 
Conc. before ionisation LOSSEN 0 0 
Conc. after ionisation 0 (reus 107 
[H*] = 10? mol/litre or eq./litre (H* is monovalent) 
pH = – log [H*] = – log 1073 
РН = 3 
10? M HSO; : HSO, —o 2H* + soy 
Conc. before ionisation 1073 M 0 0 
Conc. after ionisation 0 2x10? 10? 


Mole ratio of H SO; : Н“: 507 :: 1:2:1 
[H'] 22x 10? M 
pH = -log [H^] = -log 2 x 10? 


РН = 2.6989 
10? N HSO, : H,SO, —9 2H* + SO; 
Conc. before ionisation I0? № 0 0 
Conc. after ionisation 0 10? 1073 
ч Equal equivalent ofa substance gives equal equivalent of its components. 
[H*] = 10? М 
pH = -log ІН” 


pH -3 
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(d) 0.01 УНС: HCI > || + СГ 
Conc. before ionisation 107 № 0 0 
Conc. afler ionisation 0 10- 1077 

[H*] 2407 M 
pH = -log [Hj 
5 РН =2 

(е) 10° НСІ: 

Solution 1: HCl —> H + CF 
Conc. before ionisation 10-8 № 0 0 
Conc. after ionisation “0 10:5 7 10 


> [TH = [0 $ M but pH = 8 is not possible because it is acid. Now 
[Н] = 1077 Mare already present in solution and since 10-8 < 107 and 
thus, it should not be neglected. 
[H*] = 1078 + 107 = 1.1x 107 M 
pH = 1.1 x 107 M 
РН = 6.9586 


Solution П. 

The above solution lacks with discrepancy that dissociation of H,O, a 
weak electrolyte is also suppreSed in presence of НСІ due to common 
ion effect and thus, ІН Ін,о but will be lesser than 1077, 


Therefore, dissociation of HO in presence of 107% Ну. 


HO == H + ОН 


(1078 + а) a 
) — (1073 + aya 
а = 0.95 x 107 
[H*] = 105 + 0.95 x 1077 
= 1.05 x 1077 
рН =6.9788 
( 10 MHCI: НСІ:---> bes Cl 
Conc. before dissociation 102 M 0 0 
Conc. after dissociation 0 107 10? 
[Н] = 10? M 


5, pH =-2 

But this is not true. This may be explained as follows : 

Sorenson's originally intended pH to be related to [H^], but his 
fundamental method of measurement—the hydrogen electrode—is now 
known to depend on thermodynamics activities rather than [H], i.e., on 
log ан» and аң+ = [H^] fij. In dilute solutions f+ is near enough to 
unity and thus, аң+ = [Н`]. Thus, pH defined by — log [Н] is not only of 
little theoretical significance, but in fact cannot be measured directly. It 
has therefore, came to be accepted that pH = -loggor ђе. pH of 10? Af 
HCI cannot be calculated and it practically lies near to zero. 





_ 618 | NUMERICAL PHYSICAL СНЕМІЅТЁҮ 


. Solution 12. (а) 0.001 № NaOH : 

NaOH — М + он 

10? № 0 0 

0 10? 10? 
[OH] = 10° M 
РОН = -log [ОН] = -log 10? = 3 

pH = 14- рОН = 14 –3 = 11 
pH -11 


(b) 0.01 N Ca(OH), : 
Ca(OH), —o Са“ + 20н" 





102 № 0. 0 
0 10? 1072 
[OH] = 107 М 
РОН =2 22 рН- 12 


(с) 0.01 M Ca(OH); : 
Ca(OH), ——> Са“ + 2ОН 


102 M 0 0 
0 107 2х107 
[OH] =2 x 107 M 
РОН = 1.6989 


D pH = 14 – 1.6989 = 12.3010 
(d) 10? M NaOH : 
NaOH — Ма + ОН 


10° M 0 . 0 
0 103 107% 
[OH] = 1075 M 


Now proceed for ОН as in Problem 11 part (e). 
(e) 10? M NaOH : 


NaOH ——> М’ + ОН 
102 M 0 0 
0 10? 10? 
[OH] 210? M 
Now proceed as in Problem 11 part (f). 
(f) 0.0008 M Mg(OH); : 


Mg(OH) —9 Mg" + 20H 
8х 1074 M 0 0 
0 S3109-  2x8x10* 
[OH] = 16 x 10^ M 
РОП = 2.7958 
pli = 11.2041 
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Solution 13. 





Solution 14. 


19 


Solution 15. 


Diethyl amine is base and gives ОП as, 
(C,Hs)2NH + Н,О = (С,Н.уМН,” яр он” 


Initial conc. 1 0 0 
Equilibrium conc. а-а) а а 
: [OH | = Ca 

where C is conc. of base and C 70.05 М. 

Js РН -12 . рОН-2 

ог [OH] = 102 M 

А Ca = 107? 

ог 0.05 x = 10? (--С-0.05) 

: а = 0.2 


Ca? 005х(02) 
й-о) (1-02) 
_ 005x 0.04 
"Ба 


Now for a base, Ky = 


= 2.5 x10? 
Note: Donotuse Ку = Gar since а = 0.2 апа | а = 0.8. 


2 


(а) [ПОН] = ——— = 4.517 х 1073 (mol.wt. ТЮН =221.37) 
22151х2 
рОН = log [ОН ] = - log 4.517 х 10-3 = 2.3452; 
РН = 11.6548 
_ 03x1000 _ 3 
(b) [Ca(OH),] = “74x 500. = 8.108 x 10° M 


[OH] =2 х 8.108 x 10° M 
РОН =- log [OH] = – log 16.216 x 10? = 1.7900; 


pH = 12.21 
(c) [NaOH] = 531000 (455, 192 M 
40 x 200 
[OH] = 3.75 x 10-2 M; pOH =-108 3.75 x 107 = 1.426; 
pH = 12.574 
(d) [HCI] formed = 1138 6x 10? M (МУ, = МИ) 
1000 51 DI 
[Н] = 13.6 x 10°; pH = — log 13.6 x 10? 
pH = 1.8665 
(a) pH=6.83 or -log[H']2 6.83 2. [H']-21.479x 107 M 
(b pH-12 ог -log[H']212  . [HĦ]=6.31 x10? M 
(с) pH = 7.38 or -log[H']2738 .. [H']24117x10* M 


(d) pH=6.4 or -log[H']264  .. [H']23.998x107 M 
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Solution 16. 





Solution 17. 





Solution 18. 





Solution 19. 


NUMERICAL PHYSICAL CHEMISTF Y 
KOH —— К' + ОН" 


Konea = 5.01 x 10^ M 
56x 200 - 
^ [ОН |= 5.01 x 107 M 
or РОН =- log [OH] = — log 5.01 x 107 
= 1.3002 г. pH = 12.6998 
[н] = 1.996 x 1073; [K*] = 5.01 x 107 


Sr(OH)) —> Sr” + 20H™ 


bic o ae 
[ОН] = лет = 0.158 М 
г ГОН | =2 х 0.158 M = 0.316 M 
or РОН = 0.5003 7. pH = 13.4997 


| [$г?*] 20.158 М 
Let a mole of Ca(OH), be dissolved т 250 mL solution to have 
pH - 10.65 


a х 1000 
250 





[Ca(OH),] = =4аМ 


» Ca(OH), —> Са“ + 20H Complete ionization 








Initial moles 4а 0 0 
Final moles 0 4a 2х4аМ 
[ОН ] = вам 
1074 
Hti = 
[н і 8a 
pH = -log [H*] 
1074 
10.65 = -1 
98 8a 
10714 
—— = 2.238 x 107! 
За 


5 а= 5.58 х 10^ mole 
Solubility of Mg(OH), in pure water = 9.57 x 1077 g/litre 
9.57 x 107 


58 
1.65 х 10^ M 


mole/litre 


МАО, — Mg + 20H 
5 25 


i 
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Solution 20. 


Solution 21. 


Solution 22. 


[OH ]=2 х [Mg(OH)2] 
=2х 1.65 x 104 
=3.3 x 107" 
РОН = -log [ОН] = 3.48 
pH = 14 – 3.48 = 10.52 
Milli mole of Ba(OH), = 50 x 0.01 = 0.5 
The solution is diluted with 50 mL H,O and thus volume becomes 100 mL. 


Thus [Ba(OH),] = - 5 = 0.005 М 
Ba(OH) —> Ва?* : 20H^ 
Initial conc. 0.005 0 0 
Fina] conc. 0 0.005 2 x 0.005 = 0.01 
[OH7]= 0.01 = 1 x 107 
pOH-2 
pH = 14-2212 


НС! = 10° M since pH 5 
Мед. of HCI, in 1 mL = 10? x 1 
Мед. of HCl; in 1000 mL = N x 1000 
Since II is prepared by diluting I and Мед. does not change on dilution. 
іл. Мед, of HCI (conc.) = Мед. of НС! (dil.) 
10? x 1 2N 1000 


Nuch, = 107" 
Now proceed as Problem 8 part (e). 
рН = 6.9788 
NH,OH === NH, + ОН 
Betore dissociation 1 0 0 
Alter dissociation 1-а а а 


[OH] = Ca -С(К,/С)-4(К,.С) 
Also К. = Са? = 0.01 х (0.026)? = 6.76 x 10% 


[OH] = [6.761076 х001] = 2.6х 10* M 
[H*] = 1077.6 х 107 
= 3.846 x 10! M 
pH = -log [Н*] = -log 3.846 х 1077 
= 10.415 
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Solution 23. 





Solution 24. 


Solution 25. 


NUMERICAL PHYSICAL CHEMISTF Y 
НО === H' + ОН? 
ІН ОН] = К, оғ [H'P=K,  - [H'] [OH] 
[H*] = 427x107) = 1.64 x 107 >. pH = 6.785 
Ку for HO at 25°C = 1074 
[H^] [OH] = 1074 (7 Ky = [Н ОНТ) 
ІН = 107 M no pH=7 


Now K for Н,О at 60°С = 9.62 х 10—14 


[H*] [OH] = 9.62 x 10775 


For pure water [Н*] = [OH] 


[Н7]2 = 9.62 x 107^ 

[H*] = (9.62 x 1075 -3.10 x 107 M 
pH = – log H* = -log 3.10 x 1077 
pH = 6.51 


Thus, pH of water becomes 6.51 at 60?C but the nature is neutral since 
calculation for pure water has been made, i.e., pH scale at 60°C becomes 
in between 0 to 13.02. 


(a) 


(b) 


(с) 


[salt] 

[acid] 

4 х 1000 

60х 100 

6х1000/82 х 100 
4 х1000/60 х 100 


We have pH = -log К, + log = 





[salt] = — [acid] = 





pH =-log 1.8 x 107 + log 
pH =,4.7851 


[salt]. 
РОН = -log Ку + log [base] 
Total volume after mixing = 250 + 5 = 255 mL 
Мед. of salt = 250 x 0.1 = 25 
Мед. of base = 5 x 0.1 = 0.5 


и ево 
[salt] = 255 ап [базе] = 255 
25/255 





РОН =-log 1.8 x 107 + log 
РОН = 6.4437 
РОН = 14 - pOH = 7.5563 
[salt] 
pH =-log Ку + log [acid] 


0.5/255 





0.35/500 


log 3.6 x 107 4 log 025/500 


oll 3.5898 
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Solution 26. 





Solution 27. 


Solution 28. 


For Basic buffer solutions 


























А - [Salt] 
РОН = —log K, + log [Base] 
Let a mole of NH4CI are added to (1.0 x 1) mole of NH4OH in 1 litre 
Given pH=9 E: pOH -5 
5--log 1.8 х 107 + log g 
1.0x1 
or а= 1.8 
For acidic buffer mixtures. 
[Salt] 
pH = -log К; + log [Acid] 
e dpH 
The buffer capacity is 
AN acid or base 
> р .. dpH МА : 
Thus highest buffer capacity of this is E This will be maximum 
aci 
when pH is near to pK,. Also the best results are obtained by buffer 
[Salt] | 22 
when STER -10 or 10 i.e., within the range pK, + 1 
[Salt] 
Also pH = -log K, + log [Acid] 
[Salt] 
4.25 = -1.8 x 107 + log [Acid] 
[Salt] 
ог 4.25 =3.74 + log [Acid] 
[Salt] 
[Acid] 73 


Let V mL of NH4OH be mixed with МН,С to have a buffer of pH 8.65. 
The total volume after mixing becomes (V + 30) mL. 








03хИ 

mmole of NH4OH=0.3 xV = [NH,OH] =, зо 
mmoleofNH,CI202x30. ; НО -0222 
(V +30) 


Also pOH of buffer mixture is given by : 


( [Salt] 
pOl = pK, + log [Base] 
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(02 x 30)/(V +30) 


or 14 — 8.65 = 4.74 + log (03xV)/(V +30) 


(РОН = 14 — pH) 


0.61 = ов o3 xy 


Г = 4.91 mL 


0.2 x 30/ (V1 +30) 


forpH - 10; 
озху И 20 22 


Similarly calculate |н —10 = 4.74 + log 


V = 109.9 mL 


Solution 29. Let У mL of HAc on mixing with NaAc gives a pH of 4.91. Thus total 
volume after mixing becomes (V + 50) mL. 





mmole of [НАс] =0.1 x V. .. [НАс] = 





т mole of МаАс = 50 x 0.2 ~. [NaAc] = 


Also pH of acidic buffer mixture is given Бу: 


[Salt] 
[Acid] 





РН = pK, + log 


и 10/(V + 50) 
4.91 = 4.76 + log (o1xV)/(V +50) xV)I(V + 50) 


log 01хИ) = 0.15 
V = 70.80 mL 
Solution 30. С,Н.ОН === СНО + H? K,=1.0x 107" 
са – а) са са 

‚ _ [€;H;O JIH '] Ж ЖЛ аза) 

E ~ [C.H,OH] _ Or EXER ЧУ де с 

(7 1- a1) д ca = 1.0 x 1079 

-10 

die = (+ с=0.05 M) 
а= 4.47 x 10^ 


[C H07] = са = 0.05 x 4.47 x 107 = 22 x 107° M 
! 1С,Н.ОТ:001М:5 [1] 0.05 * а; 


гэг 
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[СНОН 0.05 (1 а) 0.05 


(.. о is small due to common ion effect) 


10 10:19 0.05 ха x 0.01 
тоо К 
0.05 
Я а= 1.0 х 107% 
в Solution 31. CH,CICOOH === CH,CICOO + Ht 
с - a) ca ca 


K ferc с] 
[H'] = ca ceu = y Ke = 00135 x 107 x01) = 1.16 x 10? 
с 





5 pH =- log [H^] = 1.94 
For sod. salt CH,CICOO™ + Ээжийн + OH 


(1-8) ch 
Doch | ӨТУ 10: 10-14 x01 

Emm sw 

T 1 К YI35x10? 

= 0.86 х 1079 


РОН = – log (ОН |--1088.6х107-6.06 
pH = 14— 6.06 = 7.94 
4 Solution 32. (1) Мед. of KOH in mixture = 5 x 0.5 = 2.5 


Мед. of HBr in mixture = 100 x 0.05 = 5 
Мед. of HBr left in mixture = 5 — 2.5 = 2.5 


Мив‹ of Nupr 52105 70.0238 (Total volume = 5 + 100 = 105) 


[H^] = 0.0238 
, pH =- log [Н] = – log 2.38 x 10? = 1.62 
на similarly for other cases : 
(ii) pH = 2.34, (ПОРН = 2.64, (ім) 3.34, 
(v) 7.0, (vi) 10.35, (vii) 10.66. 
Indicator used is phenolphthalein. 
"M. Meq.- N xVa. 
Solution 33. (a) Meq. of ОН» -10х02х2-4 | = Mx Valance factor 25 


. Мед. оЁНС1- 25х0.11х1-2.5 
" Мед. of Ca(OH), Іей = 4 — 2.5 = 1.5 


1.5 
МСа(ОН),- 1:55 = 4.29 х 10 


[ОН | = 4.29 x 10, 2 РОН = 1.3675, 
pH = 12.6325 
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(b) Мед. of HSO; = 10 x 0.01 х2 = 0.2 
Мед. of Са(ОН), = 10 x 0.01 x 2 = 0.2 
Solution is neutral and pH =7 


(c) Мед. of H SO; = 10 x 0.1x 272 
Мед. of KOH = 10 x 0.1 x 1 = | 
Мед. of 580, left = 1 
МН›5О, = 1/20 = 5 x 107 
[Н*]= 5x 10? and рн = 1.3010 


› Ч aur 27122 _ 1220 
Solution 34. Мед. of benzoic acid = Е х 1000 = НЕ 1000 = "M 
Мед, of NaOH = 50 x 0.2 = 10 
At equivalence point, Мед. of Benzoic acid = Мед. of NaOH 

1220 _ 
TA 


| Solution 35. For Ag,CrO4: Кер- 453 


| Ар,СтО, === 2Ag' + СгО,” 
82 4 в 4 


25 5 
-12 
$e i - eue = 65x10? М 


[Ag] 2 2 х 65 x 10? = 1.30 x 10^ M 
[CrO,] = 6.5 x 10° M 


For BaCrO,:  BaCrO, == Ва“ + Cro, 
| 5 5 
Кер = S? 
^ S= /К.-412х1079 = 1.1x 105 M 
| [Ba?*] = 1.1 x 10° M = [0702] 


For Fe(OH}: Fe(OH); == Без“ + ЗОН 
S 3S 


1227 8 


[g -38 
Е pu— = 1.39 х 107! М 
Y 27 27 


[Fe?*] = 1.39 x 1079 M 
[ОН] = 1.39 х 1079 x 32 4,17 x 191 M 
For РЬСЬ : РЫСЬ === Pb + 2Cr 
5 25 


Кер E 48” 


М = 122 
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Solution 36. 


*olution 37. 


Solution 38. 


[к JT. p? 
5- n ze = 1.59 x 107 M 


[Pb?*] = 1.59 x 107 M 
(СГ1-2х 1.59 10-2 = 3.18 x 107 M 
For Hgjl, : Не, "= нр,” 5217 
5 28 
Қарға 


-29 
5-69 QS 7224x190 M 
Y 4 4 


[Hg;]- 2.24 x 19 М 
П> 2 x 2.24 x 10-10 
= 4.48 x 10719 М 
BaSO, == Ва“ + 5047 
5 $ (where S Mitre is solubility of Вазо,) 
() Кер х 5 
5= Кер = V15x10? =3.87 x 1075 mole litre! 
(ii) In presence of 0.10 M ВаСІ,, let $ mole/litre BaSO, is disolved 
Ksp = [Ва] [S04] 
1.5 х 107 = (0.1 +5)(5)  [(0.145)20.1 as S «««0.1] 
5=1.5х108 М 
FeSO, + NaS ——> FeS + Ма;504 


Let V mL ofa molar solution are mixed so that no precipitation of FeS is 
noticed. Let molarity of FeSO, and Na5S be a M. 


Thus, [Fe?*][S^] = Kgp 6.3 x 10718 
axV ||axV -18 9 
харх! ра 69:50; 2, а= 5.02х10° М 


2NalO, + Cu(ClO4); “Эрт: Cu(I04); * 2NaClO, 
Meq. on mixing 0.002 x V 0.002 x V (Let V mL of each mixed) 
For Сий0)::  0-1С: ПО 
 [0002xV][0902xV| _ нэ 
orl ту 2 У 


The numerical value of 0007) is lesser than Кер ОЁСШ(О, ) and thus 
no precipitation. 
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Solution 39. For CaSO,, Let solubility be 5 mol/litre 





Them S = Ку») = /(91х1079) =3.02 x 1073 mol litre"! 
Thus, 3.02 х 10? mole of CaSO, is soluble in water = 1 litre 


. . ift DES. SES Ч 
136 mole (1 5) of CaSO, is soluble in = 136x302 x 10? litre 


— 2.43 litre water 
Solution 40. For Ag CrO, == 2Ар' + СО, 


25 5 
Ksp = 453 


юэ [Ksp iet 
4 4 


= 0.736 х 1077 mol litre"! 
[CrO] = 0.736 x 10“ М = 0.736 х 10 * x 2N 
(М = Valence factor x M) 
Also, Мед. of Pb(NO3)) = Мед. of CrO,” 
Xx2x20-0.736 x 2x 107 x 50 
Х= 1.84 x 10“ M 
Solution 41. Let solubility of Mg(OH), be S mol litre"! 
Mg(OH) === Mg" + 20H 


5 25 
[МР] [OH = Қ, 


453 = 8.9 x 1072 
S = 1.305 х 1075 mol litre"! 
[OH] =2х 1.305 х 107 mol litre"! 
РОН = 3.5832 
РН = 10.4168 
Solution 42. NH," ion of NH4CI salt on dissolution in water undergoes hydrolysis as 
PINE МН,” + Н,О---МН,ОН + Ht 


1 0 0 
0-9) h h 
Where Л is degree of hydrolysis of NH4CI 
К» 10x10 У 
шт б xm ou 5/5 X10: 
Н К, 177x10% 


Ky [= 2 
Also не] ел eH = [Ку = ¥565x10 10 5004 
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[H*] = 4.75 х 107 
pH = -log [H*] = -log 4.75 х 1079 
= 5.32 
Solution 43. CH4COO ' ion of CH;COONa hydrolysis in water as : 


. Е |2 + H0 === СНАСООН + ОН 
0 0 
(1- um h h 
Where Л is degree of hydrolysis of ши эмийн. Also рКа = 4.74 and 
thus -log K,— 4.74 or К, = 1.82 x 107 


[Ky _ [Ку с |10714 х 005 


(HJ 2273 ка . үл бї? 


= 5.24 х 10° 
РОН = -log [OH] = -log 5.24 х 1079 
- 5.2805 
5 РН = 14 – рОН = 14— 5.2805 = 8.7195 
Solution 44. Both NH,” and CH4COO' ion of CH;COONH, shows hydrolysis as : 
СНзСОО МН.” + H,O === СН,СООН + NH,OH 








. 1 0 250 
(1-20) һ ih 
Given 
pK, CH4COOH-4.76 .  -logK,74.76 or K,=1.74 x 1055 
рК,МН,ОН-475  . _орк,=4.75 or K= 1.78 x 107 
Ки for CH;COONH Ey (шд 
H Tor wet 4“ КхК 174х107 x 178 Х 10 
-3.23х105 


Also h for СН,СООМН, = y Ky = /323 x 107 


= 5.68 x 10? 
Now for dissociation of CH;COOH 
CH;COOH === СНСОО + H* 
_(CH;COO7][H"] c(1-/)[H*] 


* * — [CH4COOH] ch 


h 
(1-8) а V Ku 
К, MO ck ore 


“ҰҚ xK, ETT? Y 178х105 





[H*]= К, х 
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[H*] = 9.88 x 107" 








ог pH = 7.005 (pH апал are independent of initial conc. of salt) 
Solution 45. МО, + H,O === HNO, + ОН" 
c(1— А) ch ch where А is degree of hydrolysis 
[OH] = с^; 
йн, ГЕ 107 
Also, bial эл | ecd је =2.36 x 105 
c y K,.c 45x10 ^ x0.04 


[ОН | = 0.04 x 2.36 x 107 or РОН = 6.025 
pH = 14 – pOH = 7.975 


Solution 46. РН + НО == РНОН + H 





(1-9) ch ch 
ын ІК; eK. 4 
[H] =ch = ey = || = 3.63 x 10 
с т Ky 
(7 pH=3.44 2 [H'] = 3.63 х 107) 
0.02 x 10-4 


Bi 363x104) "3-92 020 


үгт” 
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> Problem 1. 


> Problem 2. 


> Problem 3. 


» Problem 4. 


> Problem 5. 


» Problem 6. 


» l'roblem 7. 


> Problem 8. 


> Problem 9. 


» Problem 10. 


Selected Problems with Solutions 





Prove that degree of dissociation of a weak acid is given by: 
1 
07 qa 10-28) 
where К is its dissociation constant. 
Calculate the concentration of fluoroacetic acid which is required to get 
[H*] = 1.50 x 107 M. K, of acid = 2.6 x 1073. 
Diborane, B2H, reacts with water to form boric acid and hydrogen. What 
is the pH of solution which results when 1.0 g B2Hg reacts with 100 mL 
water. Assume that final volume be 100 mL water. 
Ку for Н3ВОз = 7.3 x 10779, 
Liquid ammonia ionises to a slight extent. At — 50?C, its self ionisation 
constant, Кун, = [МНА] [NH] = 10739, How many amide ions аге present 
per cm? of pure liquid ammonia? Assume № = 6:0 х 1023, 
The self ionisation constant ог pure formic acid, 
К = |HCOOH3] [HCOO ] has been estimated as 1079 at room tempera- 
ture. What percentage of formic acid molecules in pure formic acid are 
converted to formate ion? The density of formic acid is 1.22 giem. 
Calculate the dissociation constant of NH4OH at 25°C. If AH? and 
AS? for the given changes are as follows: 
МН; + Н“ == МН]; AH? = – 52.2 kJ тог '; 
AS? =+1.67 JK ! тог 
НО === Н' + OH; AH?-56.6kl тог !; 
AS? = - 78.2 ЈК“! тог! 
Calculate the concentrations of all species of significant concentrations 
present Ш 01 М НРО, solution. Ki 275x107, 
K5262x107, Құ-3.6х107. 
If CH,COOH (К, = 105) reacts with NaOH at 298 K, then find out the 
value of the maximum rate constant of the reverse reaction at 298 K at 
the end point of the reaction. Given that the rate constant of the forward 


reaction 15 107! тог! L бес”! at 298 К. Also calculate Arrhenius 


parameter for backward reaction if AHy9g = 44 kcal and E.» = 94 kcal. 


The K, of water at two temperature 25°С and 50°С are 1.08 x 10714, 


5.474 х 107"! respectively. Assuming AH of any reaction is independent 
of temperature, calculate enthalpy of neutralisation of a strong acid with 
strong: base, қ 

Fhe мі of pure water at 25°C and 35°C are 7 and 6 respectively. 


Calculate the heat of formation of water from Ган ОП 
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» Problem 11. 


» Problem 12. 


» Problem 13. 


> Problem 14. 


> Problem 15. 


> Problem 16. 


> Problem 17. 


> Problem 18. 


> Problem 19. 


> Problem 20. 


». Problem 21. 


» Problem 22. 


» Problem 23. 


NUMERICAL PHYSICAL CHEMISTRY 


For an organic monoprotic acid solution of concentration Co mole 





litre, if K, has a value comparable to Ky, show that the hydronium ion 
concentration is given by: 
К К,Со 
а 
[Н] [К„+Н] 


If [НУ = 10? M and Со= 10! M in a solution of some organic 
monoprotic acid, what according to the above equation must be the order 
of magnitude of K;. 


The Ky for 2Н,О == H,0°+OH changes from 


1071 at 25°C to 9.62 x 10! ^ at 60°С. What is pH of water at 60°C? 
What happens to its neutrality? 


For the indicator thymol blue, pH is 2.0 when half.of the indicator is in 
unionised form. Find the % of indicator in unionised form in a solution 


with [H*] = 4 x 10? M. 
Calculate the per cent error in hydronium ion concentration made by 
neglecting the ionisation of water in 1.0 x 1076 M NaOH. 


Calculate the pH of solution obtained by mixing 10 mL of 0.1 M НСІ 
and 40 mL of 0.2 М H5SO,. 


What should be the pH at the equivalence point for the titration of 0.10 
М KH3BO3 with 0.10 М НСІ. К. НзВОз =7.2 x 10779, 


Calculate the pH of a solution which contains 100 mL of 0.1 М НС! and 
9.9 mL of 1.0 M NaOH. 


Calculate [H*] in a solution containing 0.1 M HCOOH and 0.1 M 
HOCN. К, for HCOOH and HOCN are 1.8 x 10 and. 3.3 x 1073. 
What аге [H*], [А7] and [87] in a solution that is 0.03 M HA and 0.1M 
НВ? K, for HA and HB are 1.38 x 10-^ апа 1.05 х 10779 respectively. 
Calculate [H*] and [СНСІ,СОО Тіп a solution that is 0.01 М НСІ and 
0.01 M in СНСЬСООН. (К, СНСЬСООН = 5 x 1072). 


Calculate [H*], [CH4COO ] and (C;H$40;] in a solution that is 0.02 M 
in acetic acid and 0.01 M іп benzoic acid. 


Ка, 718x105 ; Kap, 264x105. 

A solution contains 0.09 М НСІ, 0.09 M СНСЬСООН and 0.1 M 
CH3COOH. pH of this solution is 1. If Ка for acetic acid is 107, 
calculate K, for CHCI2COOH. 


100 mL of HCI gas at 25°С and 740 mm pressure were dissolved in one 
litre of water. Calculate the pH of solution. Given, V.P. of H2O at 


25?C is 23.7 mm. 


Ionic EQUILIBRIUM 


»- Problem 24. 


» Problem 25. 


» Problem 26. 


> Problem 27. 


» Problem 28. 


» Problem 29. 


» Problem 30. 


> Problem 31. 


> Problem 32. 


» Problem 33. 


> Problem 34. 


> Problem 35. 


> Problem 36. 
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Calculate the pH of a buffer solution prepared by dissolving 30 g of 
Na CO; іп 500 mL of an aqueous solution containing 150 mL of 1 M 


НСІ. K, for НСО; = 5.63 x 107". 

Calculate the ratio of pH of a solution containing 1 mole of 
CH3COONa + 1 mole of HCI per litre and of other solution containing 
1 mole CH3COONa + 1 mole of acetic acid per litre. 

A 0.1 M solution of weak acid НА is 1% dissociated at 25°С. What is 
its K,? If this solution is with respect to Мал 0.2 M, what will be the 
new degree of dissociation of HA and pH? 

Calculate the amount of (NH4)2SO, іп g which must be added to 500 
mL of 02 M NH; to yield a solution of рН =9.35. Kw for 
МН: = 1.78 x 107. 

0.00050 mole of NaHCO3 is added to a large volume of a solution 
buffered at pH = 8.00. How much material will exist in each of the three 
forms, Н,СОз, HCO3 and СОЗ. Кү and K for Н2СОз are 4.5 x 1077 
and 4.5 x 107"! respectively. 

0.1 M CH3COOH solution is titrated against 0.05 M NaOH solution. 
Calculate pH at 1/4th and 3/4th stages of neutralization of acid. The pH 
for 0.1 M СНЗСООН is 3. 


A solution of weak acid was titrated with base NaOH. The equivalence 
point was reached when 36.12 mL of 0.1 M NaOH have been added. 
Now 18.06 mL 0.1 M НС! were added to titrated solution, the pH was 
found to be 4.92. What is K, of acid? 

A weak acid HA after treatment with 12 mL of 0.1 M strong base ВОН 
has a pH of 5. At the end point, the volume of same base required is 
26.6 mL. Calculate K, of acid. 

To a solution of acetic acid, solid sodium acetate is added gradually. 
When x mole of salt is added, the pH has a certain value. If y mole of 
salt is added, the pH is this time changes by 0.6 units to previous pH. 
What is the ratio of x and y. If the solution is diluted after addition of 
y mole salt, what will be the change in pH. Given that y > x. 

When 40 mL of a 0.1 M weak monoacid base is titrated with 0.16 M 
НСІ, the pH of solution at the end point is 5.23. Calculate An what will 
be the рН if 15 mL of 0.12 M NaOH is added to the resulting solution. 
The [Ag'] ion in a saturated solution of Ag;CrO, at 25°C is 
1.5 x 107 M. Determine Кер of Ag2CrO, at 25°С. 


Кер ОЁРЬВг, is 8 x 1075. If the salt is 80% dissociated in solution, 
calculate the solubility of salt in g per litre. 

Кер for PbCL, is 10717, What will be [Pb?*] in a solution prepared by 
mixing 100 ml. of 0.1 M Pb(NO Зз) and Г ml. of 1 M HCI? 
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> Problem 37. 


» Problem 38. 


» Problem 39. 


» Problem 40. 


> Problem 41. 


> Problem 42. 


» Problem 43. 


» Problem 44. 


> Problem 45. 


> Problem 46. 


> Problem 47. 


NUMERICAL PHYSICAL CHEMISTRY 


Calculate simultancous solubility of AgCNS and AgBr ina solution of 


Ksp of АвВг-5х107" and Кер of AgCNS = 1 x 1077. 


BaSO, and BaCrO, have solubility product values in the ratio 1: 2.5 at 
25°C. When pure water is saturated with both solids simultaneously, the 


water. 


total concentration of Ba?* ion in the solution is 1.4 x 1075 М. Сасшае 
the solubility product of BaCrO4. Calculate also the solubility of 


BaSO, іп 0.01 M Ма25Од solution. 


A mixture of water and АрСІ is shaken until a saturated solution is 
obtained. Now the solution is filtered and 100 mL of clear solution of 
filtrate is mixed with 100 mL of 0.03 M NaBr. Should a precipitate form? 


Ksp of AgCl and AgBr are 1 x 10779 and 5 x 1077. 

Zn salt is mixed with (NH4)2S of molarity 0.021 M. What amount of 
7п2` will remain unprecipitated іп 12 mL of the solution? Кер of 
ZnS = 4.51 x 107^. 


A particular water sample has 131 ppm CaSO4. What fraction of the 
water must be evaporated іп a container before solid CaSO, begins to 


deposit Кер of CaSO, = 9.0 x 1076? 


Toa solution of 0.1 M Mg“ and 0.8 M МН,С1, an equal volume 
of NH; is added which just gives precipitate. Calculate [NH3] in 


Ksp of  Mg(OH);- 14x10 апа Ky of NH4OH 
= 18x 107, | 

What is the molar solubility of AgCl(; in 0.100 М NH3(aq). Given Кер 
of AgCl = 1.8 x 1079; Kc of [Ag(NHa4)]* = 1.6 x 107. 

10 mL of 0.3 М Na5SO, are mixed with 20 mL solution having initially 
0.1 M Са and 0.1 M 577 in it. What аге the final concentration of 
Са?" Si? and 504 in solution? Given Кер of 5:504 = 7.6x 1077 
and Кер of CaSO4 2 2.4 x 107. 


The solubility of СаСОз is 7 mg/litre. Calculate the solubility product 
of BaCO; from this information and from the fact that when Na2CO3 is 


solution. 


added slowly to a solution containing equimolar concentration of Са?” 


and Ва“, по precipitate is formed until 90% of Ba^* has been 
precipitated as ВаСОз. 


Calculate the solubility of AgCN in a buffer solution of pH = 3. Given 
Кер of АрСМ = 12 х 10719 and К, for HCN = 4.8 x 10719, 

2 M solution of Ма2СО, is boiled in a closed container with excess of 
CaF. Very little amount of CaCO апа NaF are formed. If the solubility 
product of CaCO, is x and molar solubility of Сар; is y, find the molar 


concentran ot Fin the resulting solution after equilibrium is attained. 
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» Problem 48. 


> Problem 49. 


> Problem 50. 


> Problem 51. 


> Problem 52. 


> Problem 51. 


> Problem 54. 


100.0 mL of a clear saturated solution of Ag2S04 is added to 250.0 mL 
of a clear saturated solution of PbCrO4. Will any precipitate form and 
if so what? Given Кер values for Ар25О, Ag2CrO4, PbCrO4 and 
PbSO, аге 1.4x 102, 2.4 x 1072, 2.8 x 1071? and 1.6 x 1077 respec- 
tively. 

25.0 mL clear saturated solution of Pblo(aq) requires 13.3 mL of 
AgNO;(aq) solution for complete precipitation. What is molarity of 
AgNO; solution? Кер of РЫ, is 7.1 x 107. 

Кер for SrF, = 2.8 x 1077 at 25*C. How much NaF should be added to 
100 mL of solution having 0.016 M in 517" ions to reduce its concentra- 
поп to 2.5 x 1073 M? 

H5S is bubbled into 0.2 M NaCN solution which is 0.02 M in each 


[Cd(CN)4? and [Ag(CN)?Y . Determine which sulphide will precipitate 


first? 
Given, Ksp ap,s=1 1020 M? 


Ksp cas =7.1 x 10 75 М? 

Kinst (АЕ(СМ)17 -1Х 10720 М? 

Kinst [CCN =7.8x 10:18 м“ 
338 mL clear saturated solution of AgBrO3 requires just 30.4 mL of 
H2S(g) at 23°С and 748 mm Hg to precipitate all the Ag’ ions into 
Ag2S. What will be Кер of AgBrO3? 
0.10 mole of AgCl(s) is added to 1 litre of H20. Next crystal of NaBr 
те added until 75% of the AgCI is converted to AgBr(s), the less soluble 
silver halide. What is Вг at this point? Ksp of AgClis 1.78 x 1079 and 
Ksp of AgBr is 5.25 x 10713, 
Calculate pH of the following mixtures. Given that К, 1.8 x 10? and 
Кь= 1.8 x 107. 
(a) 50 mL of 0.10 M NaOH + 50 mL of 0.05 M CH4COOH. 
(b) 50 mL of 0.05 M NaOH + 50 mL of 0.10 M CH4COOH. 
(c) 50 mL of 0.10 M NaOH + 50 mL of 0.10 М CH4COOH. 
(d) 50 mL of 0.10 М NH,OH + 50 mL of 0.05 М НСІ. 
(е) 50 mL of 0.05 М МН,ОН--50 mL of 0.01 M НСІ. 
(f) 50 mL of 0.10 M NH4OH + 50 mL of 0.10 M НСІ. 
(g) 50 mL of 0.05 M NH4OH + 50 mL of 0.05 M CH4COOH. 
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» Problem 55. 


> Problem 56. 


> Problem 57. 


> Problem 58. 


> Problem 59. 


» Problem 60. 


» Problem 61. 


» Problem 62. 


» Problem 63. 


» Problem 64. 


> Problem 65. 


» Problem 66. 


NUMERICAL PHYSICAL CHEMISTRY 


Calculate | in a 0.20 М solution of — dichloreacetic acid 
(K,y=5 x 10 2) that also contains 0.1 M sodium dichloroacetate. Neglect 
hydrolysis of sodium salt. 

10 g of NH4CI ( mol. wt. 53.5) when dissolved in 1000g water lowered 
the freezing point by 0.637?C. Calculate the degree of hydrolysis of the 


salt if its degree of dissociation is 0.75. The molal depression constant ~ 


of water is 1.86 K molality '. 
At 18°C aniline and acetic acid have dissociation constants 


5x 10719 and 1.8 x 10? respectively. An aqueous solution of anilium 
acetate is hydrolysed to the extent of х% under equilibrium, what is the 


pH of the solution. Ку = ip 

Calculate the extent of hydrolysis of 0.005 M K5CrO,. K, = 3.1 x 107 
for H2CrO,. (Н2СтОд is strong for first ionisation and Кү = 1.6). 

A solution made up to be 0.0100 M Со(МОз)> and 0.0200 М МЭН, was 
found to have an equilibrium [Co?*] of 6.2 x 1073. Assuming that the 
only complex formed was Co(N5H4)^*, what is the apparent Кү for 
complex formation? 

Тһе vapour pressure of 0.01 molal solution of weak base ВОН in water 


at 20°C is 17.536 mm. Calculate Къ for base. Aqueous tension at 20°C › 


is 17.540 mm. Assume molality and molarity same. 
A 0.01 M aqueous solution of weak acid HA has an osmotic pressure 
0.293 atm at 25?C. Another 0.01 M aqueous solution of other weak acid 
HB has an osmotic pressure of 0.345 atm under the same conditions. 
Calculate equilibrium constants of two acids for their dissociation. 
The freezing point of 3.75 x 10? M aqueous solution of weak acid 
HA is 272.9 K. The molality of the solution was found to be 0.0384 
molal. Find the [H*] of the solution on adding 3.75 x 1072 moles of NaA 
to ane litre of the above solution. Кр of water = 1.86 К. molal"!. 
Calculate the pH at which an acid indicator with K, = 1 x 1077 changes 
colour when the indicator concentration is 1 x 10 7 M. Also report 
the pH at which coloured ion is 8046 present. 
A solution of НСІ has a pH = 5. If one mL of it is diluted to 1 litre, what 
will be pH of resulting solution? 
Calculate the pH of 0.010 M NaHCO solution. 

K,-45x107 ; К,-4Лх107! for carbonic acid. 


Show that solubility of a sparingly soluble salt М?* А? in which A? 
ion undergoes hydrolysis is given by : 

нэн 
Ку KiKa 
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where A, and Ко are the dissociation constant of acid HA». Кер is 
solubility product of MA. 

> Problem 67. А solution of volume V contains a mole of MCI and 5 mole of NCI where 
MOH and NOH are two weak bases having dissociation constants 
Кү and Ку respectively. Show that the pH of the solution can be 


expressed as pH = | lo Ei x ысу. 
Р РО ЕЮ ва а 








Answers 
1. See solution ; 2. 237 x 10? M 
3. 4.0401 4. 6x 10? ions ; 
5. 0.004% ; 6. 17x10? ; 
7. See solution ; 8. 10729, 2.71 x10*!6 ; 
9, – 12.5 x 103 са! ; 10. 84.551 kcal/mol 
и. 10? У 12. 6.51, See solution ; 
13. 0.2857 ; 14. 1% ; 
15. 0.4685 ; 16. 5.22 ; 
17. 3.0409 ; 18. 7.13x 10^ М ; 


19. [Н+] = [47] 22.040 x 10? М, [B] = 5.15 x 10? M 

20. [Н*] 20.0174 M, [CHCbCOO | = 7416x 10? M 

21. [H'] 2 10? М, [СНСОО | - 36x 104M, [CgH505] = 6.4 x 107 M 
22. 125 x 107 

23. 24142 ; 

24. 10.197 

ps2 : : 

26. 10°, 5x 107, pH = 5.3010 ; 

27. 5248 g ; 

28. пи.со. = 1.069 х 1077, пнсо; = 4.86 x 104, nco; = 2.28 x 10? ; 
29. 4.5228. 5.4771 


30. 12x10? 
31. 8210x 107 
32. 1: 3.98 


AX 1778 x 10, 9.1621 
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34. 1.688 x 10 13 mol“ litre — 

35. 1248 p litre |; N 
36. 94x 107? mol litre”! : 

37. 8.16х 10 7 mol litre! 4 х 1077 mol litre"! : 

38. 14х10 0 м?, 56x10°M ; 

39. See solution ; 

40. 1.677 х 10 2/12 мі. ; 

41. 68% ; 

42. 0.3710 M ; 

43. 536х 107 M ; 

44. [Cà] 233 x 107 М, 15] = 1.05 х 10? М, 503] 2 7.17x 107 M. ; 
45. 49 x 107!? 

46. 1.58 х 1077 mol litre! ; 


8 at 
47. = 
X 
48. See solution 
49..455x10^? ; 
50. 011786; 
51. CdS ; 
52. 529х 107: 
53. 22х 107 М ; 
54, (а) 12.3979, (b) 4.7447, (с) 8.7218, (d) 92553, 
(e) 1.6021, (В 52782, (97; 
55. 0.05 ; 
56. 0.106 ; 
57. 4.7219 
58. 0.2539 
59. 37.8 
60. 9.74 x 107 
61. HA 2:477 x 107. HB = 2.85 x 10 
62. 6.89 х 1077 M 
63. 5, 5.6020 
64. 6.9788 ; 
65. 8.34 ; 
66. See solution 
67. See solution 
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Problems for Self Assessment 


What dissociation constant must you pick for an acid HA so that it will be 195 
dissociated in a solution having H40* fixed at 0.1 M. Also if 1 N solution of HA 
is 4.5% dissociated. What will be its. dissociation constant? 


A saturated solution of  o-nitrophenol cH has рН =4.53. 
N 
OH 
Calculate its solubility in g pus pK, of o-nitrophenol = 7.23. 


A solution was made upto be 0.010 M in chloroacetic acid (СЇСН,СООН) and 
also 0.0020 M in sodium chloro-acetate (CICH,COONa). What is [H*] of the 
solution. К, for СЇСН,СООН is 1.5 x 1073. 


How much solid sodium dichloro-acetate should be added to a litre of 0.100 M 


dichloro-acetic acid to reduce [H*] to 0.030. Neglect the increase in volume of the 
solution on addition of salt. 

The degree: of dissociation: of pure water is 1.8 х 1073 at 28°C. Find 
Ку and K, for НО. 


. Calculate the number of H* present in 1 mL solution whose pH = 13. 


25 mL of a saturated solution of phenyl acetic acid requires 17.70 mL of 0.1850 . 
M NaOH for its neutralisation. What is the pH of saturated solution of phenyl acetic 


acid. Assume K, for the acid — 5.56 x 1075, 


How many mole of Са(ОН), must be dissolved to produce 250 mL of an aqueous 
solution of pH 10.65, assuming complete dissociation? 

Compute (ће рН of a solution at 25°С which is twice as alkaline as pure water. 
Calculate the pH of a solution made by mixing 50 mL of 0.01 M Ba(OH), with 
50 mL water. 

0.12 mL of a solution of KOH (5096 by weight of КОН), specific gravity 1.5 
в/ст?, is diluted to 250 mL. Calculate its pH. 

Find the pH and % dissociation of HAc in a solution obtained by mixing 25 mL 
of 0.2 M НСІ and 25 mL of 0.2 M МаАс. Given К, for HAc = 1.78 x 1075. 

How many mL of 0.001 М НСІ should be added to 10 cm? of 0.001 N NaOH to 
change its pH by one unit? 

Calculate the decrease in % in [H*] when pH increases by 0.1 unit. 

The pH of blood is maintained by a proper balance of Н,СО, and NaHCO, 
concentrations. What volume of 5 M NaHCO, solution should be mixed with 10 
mL sample of blood which is 2 M in Н,С-О, in order to maintain a pH of 7.4? 


Given Ку for Н,СО, is 7.3 x 1077. 
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17. 


20. 


21. 


22. 


23. 


21. 


25. 


20. 


Te PWiiwulate weight їп g fur HCI added to 100 mL of 0.1 N ВОН to have its 


pH = 6.6 and К,-5.6х 107. 
A buffer solution is made by adding 0.1 mole of sodium acetate to one litre of 0.1 
M СНСООН. What is the maximum amount of НС! that can be added to solution 


without changing pH by: 
(a) more than 0.5 units, 
(b) more than 0.3 units? 


The following pairs of solutions are mixed. Show whether or. not precipitation 


occurs. 
(а) 100 mL of 0.01 M NaSO, + 100 mL of 0.01 M Pb(NO4); 


(b) 50 mL of 107“ М AgNO, + 100 mL of 10 * М NaCl 
Кєр of PDSO, = 1.3 х 108, Ksp of AgCI = 17 x 1079, 
The solubility of Li,Na,(AlF¢), is 0.075 g per 100 mL 25°C. Calculate Кер of salt 


at 25°С. 
А particular water sample is saturated with СаЕ, having total Са?” content as 115 


ppm (or 115 g са“ ш 109 g H,O). What is the Е ion content of the water in ppm? 
Given Кер for CaF, = 5.3 х 1 07, At. wt. of Ca?* and F^ are 40 and 20 respectively. 
What is the solubility of МУ in following solution if Кер of M; Y is 2 x 1078 
(a) 0.1 M solution of Ма; У 

(b) 0.1 M solution of М.Х. 

The solubility of Mg(OH), in pure water is 9.57 x 10? g litre. Calculate its 
solubility in g litre ! in 0.02 M Mg(NO;),. 

Solid AgNO, is gradually added to a solution containing equimolar concentration 
of СГ and Г. If Кр of AgCI and Agl аге 1.7 x 107! and 1.5 х 10776 
respectively, which one will precipitate first? Also find the relative concentration 
of Г to СГ just before the precipitation of AgCI. 

A 50.0 mL sample of 0.1 M La(NO3); is mixed with 50.0 mL of a NH4/NH, buffer 
having 0.20 M in NH; and 0.40 M in МН.. What percentage of the original га?! 
has been precipitated as — La(OH), at equilibrium? Given 
Ksp of La(OH), =1 x 10775; pK, for NH, = 4.74. 

A saturated solution of sparingly soluble salt МСІ, has a vapour pressure of 31.78 


mm of Hg at 30?C. Pure water exerts a pressure of 31.82 mm of Hg at 30°С. 
Calculate Кер of МСЬ. Assume molarity equal to molality and MCI, is 100% 


dissociated in solution. 
4 25 
The concentration of Fe?* ions in a sample of water is found to be 50x 10 7" М. 


Calculate the pH at which 99% of Fe?* will be precipitated. Кер of 
Fe(OH), = 10779 
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29. 


35. 


37. 
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A solution contains 0.1 М Pb/*and 028-М НСІ which is 94% 


ionised. H5S is passed in solution to saturate the solution. How much of Pb/* ions 
will remain in solution? Аср of PbS is 4 x 10:28 and of Н,5 is 1.1 x 10723. 
Calculate solubility of CaF, in a buffer solution with pH = 3.0. Given, 

Ksp сар, =53%10° and — Kup 67x10 


ü 


The solubility of silver acetate in pure water at 25°C is 8.25 g/litre and 66 g/litre 
in an acid buffer of pH -3. Calculate, 
(а) Кер of silver acetate assuming its negligible hydrolysis. 


(b) K, for acetic acid. 

А mixture of salt containing Cu4(AsO4); and Pb4(AsO,), is shaken with water 
calculate the concentration of each ion present in the solution at equilibrium. 
Кер of Cu4(AsO,), and РЬ,(А5О,), are 8 х 10736 and 4.096 x 10736 respectively. 
Neglect the hydrolysis. 

0.01 M solution of PuO;(NO4), was found to have a pH of 3.8. What is the 
hydrolysis constant for РиО2” and dissociation constant for РиО,ОН ? 
Calculate the ІН" for the 0.16 M solution of М,Н, in water. Given 
that K, for №Н; is 1075. Also NH; + H,O == №Н5ОН + Н“. Report the 
change in pH of solution if 0.16 mole of N9H;OH is added to 1 litre of this solution. 
The hydrolysis constant for AD*'«H,O == АКОН)*+Н* is 
1.7 x 10770, what is [H*] in 0.1 M AICI, solution? 

Calculate the pH of a solution containing 1.8 g NaHSO, per 100 mL. K, for 
HSO} == Н*+$О; Б1.26х 107. 

Ку and Ку for oxalic acid аге 5.6x 107 and 54x 107. Calculate 
[OH ] in a 0.005 M solution of Na4C50,. 

In 0.1 M solution of salt KA, the anion is 890 hydrolysed. What is dissociation 


constant of acid HA? 
A certain acid-base indicator is red in acid solution and blue is basic solution. 7596 
of the indicator is present in the solution in its blue form at pH = 5. Calculate K, 
for the indicator. Also calculate the pH at which the indicator shows: 

(i) 9096 red form, 

(ii) 90% blue form. 


lonic EQUIL. 7 675 


1. L0x 10? , 2.02х 107 ; 2. 205 17 
3. 24x10? ; 4. 0.087 mole ; 
» 5. 1x10 mM), 18x10! 6 m/L ; 
6. 6023x107 ; 7. pH=2.57 ; 
Я 56x10? mole ; 9. 73 ; 
10. 12; 1. 11.80 ; 
12. «21.334, pH=2.8761 ; 13. 8.18 mL ; 
14. 20.56% ; 15. 7836 mL ; 
16. 0.2142 ; 
17. (а) 52x10? M, (b) 3.3х10 M ; 
18. (a) yes, (5) yes ; 19. 796x 1077 : 
20. 27 ppm ; 21. (а) 7x 107 М, (b) 5x10? M ; 
22. 87x10 * g/lire ; 23. Agl, 11 вх 107 ; 
[CI ] 
24. 99.99% ; 25. 5х 107 ; 
26. 3.767 ; 27. 251x 10M ; 


28. 1.434 x 1073 mol litre! ; 


29. (а) 2.44x 10° , (b) 1.564 x 107 

W. [Cu] = 891 x 10^ M, [Pb] 2 7.13x 10? М, 
[As02] = 1.07 x 107 M . ; 

M. Кн=2.5х 105, Ky-4x10? ; 32. 4x 107, ApH = 3.6021 

M. 412х106 ; 34. 1.36 ; 

\&. 96x107 M ; 36. 143х 107! 

V. K,y=3x107, (i 3.56, (ii) 5.47. 





Thermodynamics 


Chapter at a Glance 


I Law of Thermodynamics 


Гога finite change: g=AE-W=AE- PAV 
where а is heat given to system, AE is change in internal energy and -W is work 
done by the system. 
dq = dE – dW = dE ~ Рау 
Work done in an Irreversible process | 
РүТ» — РәТ, 
W =- Pex X AV=— Ро X (V2 — Vi) =- Ре X R| —S — 
P\P2 


Р 


ex 15 the pressure against which volume changes from У; to У; 


Work done in reversible process, i.e., Maximum work 


Isothermal Conditions 
Wey =- 2.303 nRT logio (V2/V4) 
Wie, = - 2.303 nRT logio (P1/ Р») 


Wev is maximum work done. 


Adiubatic Conditions 
Wiev = [nR/(y - 0] 75-11 
y 15 poisson's ratio. 
Also for adiabatic process, following conditions hold good: 
РУ! = constant 
ТҮ p! ^Y = constant 
V Y^ !T = constant 


Heat Capacities 
At constant pressure Cy = (8H/8T), 
С, is molar heat capacity at constant pressure. 
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At constant volume C, =(бЕ/8Т), 
С, is molar heat capacity at constant volume. 
Cp X cp X Mand Cy = cy x M 
and Cp- C, = К 
Cp су = КУМ 
Cp/C,-cy/c,-'Y (Тһе poisson's ratio) 
с and c, are specific heats at constant pressure and volume respectively. 


Entropy 
45 = ZSproducts - ZSreactants 
AS = Grey/T = 2.303 nR logio (V2/ V1) = 2.303 nR logio (Р1/Р2) 
AStusion = AH fusion/T 
Аб ар = AHyap/T 
AS is entropy change. 


Free Energy 
G=H-TS 
AG = AH - TAS and AG? AH? — TAS? (Іп standard state) 
At equilibrium, АС-0 
-AG°=RTInK, (or Кс) 
= 2.303 RT.logio Кр (or Kc) 
AG is free energy change and AG? is standard free energy change. Кс and K, are 


equilibrium constants in terms of concentration and pressure respectively. 
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» Problem 1. 
п, > Problem 2. 
»- Problem 3. 


> Problem 4. 


> Problem 5. 


> Problem 6. 


> Problem 7. 


4 
»- Problem 8. 


> Problem 9. 


„ > Problem 10. 





The Basic Problems with Solution 


During 200 J work done on the system, 140 J of heat is given out. 
Calculate the change in internal energy. 
А system does 40 J work on surrounding as well as gives out 20 1 
energy. Calculate the change in internal energy. 
A system does 100 J work on surroundings by absorbing 150 J of 
heat. Calculate the change in internal energy. 
A gas absorbs 200 J of heat and expands against the external pressure 
of 1.5 atm from a volume of 0.5 litre to 1.0 litre. Calculate the change 
in internal energy. 
Calculate the work done during the process when one mole of gas is 
allowed to expand freely into vacuum. 
Two litre of N, at 0°C and 5 atm pressure are expanded isothermally 
against a constant external pressure of 1 atm until the pressure of gas 
reaches 1 atm. Assuming gas to be ideal, calculate work of expansion. 
The internal energy change in the conversion of 1.0 mole ofthe calcite 
form of CaCO, to the aragonite form is *0.21 kJ. Calculate the enthalpy 
change when the pressure is 1.0 bar; given that the densities of the 
solids are 2.71 g cm"? and 2.93 g cm? respectively. 
Ina fuel cell (a device for producing electricity directly from chemical 
reaction), methanol is used as fuel and oxygen gas is used as an 
oxidizer. The reaction is, 

СНзОНц + 3/2054, —? CO» + 2H200) 
Calculate the standard Gibbs energy change for the reaction that can 
be converted into electrical work. If standard enthalpy of combustion 
for methanol is —726 kJ тог", calculate the efficiency of conversion 
of Gibbs energy into useful work. 
(A(G? for СО», H50, СН;ОН, О, are —394.36, 237.13, —166.27 and 
zero respectively.) 
l'or the water gas reaction : 

Со) + ЊО = COg + Наг» | 
the standard Gibbs energy of reaction (at 1000 К) is —8.1 kJ тог". 
Calculate its equilibrium constant. 

The standard Gibbs energies for the reactions at 1773 K are given 
below : 
C + 0, — СО); AG? =–380 kJ mor' 
2C + О, == 2CO; | A,G° =-500 kJ тог" 
Discuss the possibility of reducing Al,O, and PbO with carbon at this 
temperature. 
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> Problem 11. 


> Problem 12. 


> Problem 13. 


» Problem 14. 


> Problem 15. 


» Problem 16. 


» Problem 17. 


> Problem 18. 


»- Problem 19. 


» Problem 20. 
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ДАТ + 30, —> 2А1,0; ; AG = –22500 kJ тог! 
2Pb + О, ——> 2РБО ; АС" --120kJ тог! 
Calculate the free energy change for the reaction given below : 
2 2 
Zn + Cu "9 —Ó Cus) + Zn (бз 
Given that о free energy (G?) for 7177 Ба: Си?” ад» are ` 
-147.2 kJ тог"! and 65.0 kJ тоГ". 


Find out whether it is possible to reduce MgO using carbon at 298 K. 
If not, at what temperature it becomes spontaneous. For reaction, 


MgO(s) + C(s) ——> Mg(s) + CO(g), АН? = 491.18 kJ тог"! and 
AS? = 197.67 ЈК“! тоГ". 


Calculate the change of entropy, A,S? at 298K for the reaction in which 
urea is formed from МН, and CO). 


2NH;(g) + CO(g) — МН,СОМН, ад) + H5O(/). The standard 
entropy of МН,СОМН, (ада), CO2(g), NH3(g) and Н;0(/ are 174.0, 
213.7, 192.3 and 69.9 ЈК“! тог! respectively. 

Calculate free energy change for the conversion of oxygen to ozone 


3 
at 298 K, if K, for the change 2 Og) --> Om(g)at298K is 


2.47 x 10729 (atmy ^. 
Calculate the equilibrium constant K, for the reaction given below if 
AG? = —10.632 kJ at 300 К. 


CO», + Hag == СО, + 06) 
The enthalpy of vaporisation of liquid diethyl ether -(С,Н,),О, is 
26.0 kJ тог! at its boiling point (35.0°C). Calculate AS for conversion 
of : (a) liquid to vapour, and (b) vapour to liquid at 35?C. 
Ethanol boils at 78.49С and the enthalpy of vaporisation of ethanol is 
42.4 kJ mol. Calculate the entropy of vaporisation of ethanol. 
Calculate the entropy change for the conversion of following : 
(а) 1 р ice to water at 273 К, АН, for ice = 6.025 kJ тог". 
(b) 36 р water to vapour at 373 К; AH, for HO = 40.63 kJ тог". 


Calculate the value of AG at 700 К for the reaction nX ——> mB.^' 
Given that value of AH = —113 kJ mol”! and AS = —145 JK шог", 
Calculate the free energy change when 1 mole of NaCl is dissolved in 
water at 25°C. Lattice energy of NaCl = 777.8 kJ mol! ; AS for 
dissolution = 0.043 kJ mol! and hydration energy of NaCl = —774.1 
kJ тог". 
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> Problem 21. Calculate the standard free energy change for the reaction, 


Ме) + Зи —9 2NHs at 298 К. 


Given АН” = —92.4 kJ and AS? = 198.3 К". Also, comment on the 


result. 


«> Problem 22. For the reaction, Мур + ЭН, —9 2NHs(;; AH - -95.4 kJ and 
AS = 198.3 ЈК“!. Calculate the maximum temperature at which the 
reaction will proceed in forward direction. 

»- Problem 23. The equilibrium constant for the reaction given below is 2.0 х 1077 at 
300 K. Calculate the standard free energy change for the reaction; 
PCls(g) — PCl3(g) + Clay) 
Also, calculate the standard entropy change if AH? = 28.40 kJ тоГ". 





1. +60]; 
3. 1501, 
6: (И 
7. 0.20972 kJ mor! ; 
9, 2.048; 
11. -2122КЈ; 
13. -3544 ЈК! тог! ; 
* 15. 7095; 


Answers 





—60 J; 

+124.025 1, 

— 810.10 Joule ; 

- 702.35 kJ тог", 96.7%; 
See solution ; 

Т> 2484.8 K ; 

163.229 kJ ; 


16. (a) + 84.41 ЈК“! mol, (b) – 84.41 ЈК“! тог! ; 
17. 120.66 ЈК“! mor! , 22.1 ЈК“! mor! ; 


18. (a) 1.227 ІК", (b) 217.85 JK; 19. 
21. 
23. 


20. 9.114 kJ mol! ; 
22. 1«4818 


-11.50 kJ тог! , 
—33.306 kJ ; 
+ 38.48 kJ mol, 233.6 К" 
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Solution 1. 





Solution 2. 


Solution 3. 


Solution 4. 


Solution 5. 


Solution 6. 


Solution 7. 
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Solutions 


у = 200 J; а=- 140 J; 
w а= АЕ + (- м) where — w is work done by the system. 
ЛЕ = а фу 
АЕ =- 140 + 200 = + 60 Ј 
=-40J; а=-20] 
ЛЕ =а фу 
AE =- 20 + (—40) =-- 60 J 
=- 100 J; а = 150 J; ДЕ =а +w 
ДЕ = 150 – 100 = + 50 Ј 


и - -PAV =– 1.5 x (1.0 – 0.5) = — 0.75 litre atm 
=- 0.75 х 101.3 Ј = – 75.975 J 
Х 1 litre atm = 101.3 J 
Now, . "AE = 200— 75.975 = + 124.025 J 
Gas expands in vacuum i.e., P,,, = 0 and thus, irreversible process 
Therefore, W --P4í(V;-V)-70 


Since the external pressure is greatly different from the pressure of N; 
and thus, process is irreversible. 

= Prog (V2 — Vy) 

W--ix(V,-V) 


Given, И, = 2 litre У =? Т = 273 К 
P, = 5 ат Р, = 1 atm 
2х5 : 
V EAS 10 litre 
W =-1х (10-2) =- 8 litre atm 
_ 8x1987 lori 
= gogo; calorie 
_ 8x1987x4184 
0.0821 
=~ 810.10 joule 
AH = AE + PAV 
Given AE= + 0.21 kJ mol! = 0.21 x 10? J тог! 


P= 1 ђаг = 1.0 х 10? Pa 
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Solution 8. 


Solution 9. 


Solution 10. 


Solution 11. 





AV = Voaragonitey— У(сајсне) (mol. wt. of CaCO; = 100) 

- (1099 100] 
4293 271) 

--2.77 cm? = 22,77 x 10° m? 

АН= ЛЕ + PAV 

AH= 0.21 x 1 21 х 10 x 2.77 x 10° 
= 209.72 J то!" 
= 0.20972 kJ тог! 


cm? тог! of CaCO, 


AG? = A(G?co, + 2 х A(G? 9 - A(G? cn on 7 3/2 Х.АЮТо, 
= —394.36 + 2 х (237.13) – (–166.27) - 3/2 x 0 
A,G? = — 702.35 kJ тог! 
The efficiency of conversion of Gibbs free energy into useful work 





fi 


^,G* 
Nive 100 

—702.35 

or efficiency == 7726 х 100 = 96.7% 


i.e., 96.1% of Gibbs free energy can be converted into useful work. 


-АС° = 2.303 RT log Кс 


48.1 x 103 = 2.303 x 8.314 х 1000 log Кс 
Ке = 2.648 mol litre! 


4A] + 30. —> 2А1,0;; AG?--22500kl mol! 41) 
3C + 30, —> 3СО,, A,G°=-380 x3 kJ mol!  .2) 
By eq. (2-1) 


ЗС + 2А1,0; —— ЗСО, + 4А]; 
AG? = —1140 - (22500) 
= + 21360 kJ тог! 
Since A,G? is positive, the reaction will not take place ог Al,O, will 
not be reduced by carbon. 


2Pb + O, —> 2PbO; AG?--120kJ mor" 443) 
C + O, —> СО;  AG?--380 kJ mol! (A) 
By eq. (4)—(3); 


С + 2PbO — CO, + 2Pb; 
A,G? = –380 – (-120) = – 260 kJ 
Thus, reaction will be spontaneous and PbO will be reduced by carbon. 


diana ақ А 
SU — AU products ^ 257 reactants 


= [0 + (7147.2) - (0 + 65.0)] = 212.2 kJ 
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Solution 12. 


Solution 13. 


Solution 14. 





Solution 15. 


Solution 16. 


Solution 17. 


Solution 18. 


NUMERICAL PHYSICAL CHEMISTRY 


MgO(s) + Сб) —* Mg(s) + CO(g) 
AG? = AH? — TAS? 

= 491.18 — 298 x [197.67 x 10-3] 

= 43227 kJ 
Thus reaction is non-spontaneous at 298. For spontaneouc nature 
AG? = —ve i.e., TAS? > АН? 
or T x [197.67 x 1071» 491.18 

491.18 


Toce ~ 2484. 
767x102 SABK 


or 


For the given change 
AS = ERES - EngSR 


= Ѕмн,сомн, as 5ң,0 -[2х мн, + Sco, | 
= 174.0 + 69.9 – [2 x 192.3 + 213.7] 
--354.4 JK"! mor! 
AG? = -2.303 RT logi; Kp 
--2.303 x 8.314 х 298 x log 2.47 х 10? 
= 163229 J 
= 163.229 kJ 
AG? = -2.303 RT log К, 
or -10.632 х 10° = – 2.303 x 8.314 х 300 log К, 
K, = 70.95 


AH vay, _ 26x10 





(a) AS ap. ч Т ; 308. 
= +84.41 ДК” тог" 
АН 26x10? 
(b) AS =p 7-7 39g (е Meon 26K) 


= 84.41 JK! mor! 


ке АН кз 42.4 х107 


Fs -І -І 
и = 3514 ^^ 120.66 JKT! mol 


АН, _ 6025х10° e 
(а) AS fusion ^ т io = = 22.1 JK! mor! 


Now 18 g ice melts showing a change in entropy = 22.1 


22] 
1 р ice melts showing a change in entropy = tk | 


1.227 JK"! 
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Solution 19. 


Solution 20. 


Solution 21. 


AH,  40.63x10" 
(b) ee — 
18 р Н,О vaporises to show a change in entropy = 108.9 
1089 х 36 
18 
= 217.85 JK! 


= 108.9 JK! mor! 


36 g Н,О vaporises to show a change in entropy = 


AG = AH - TAS = -113 x 103 — 700 x (-145) J тог! 
AG = 113000 + 101500 = — 11500 J тог! 
AG = -11.50 kJ то!" 


АН ошоп = Lattice energy + Hydration energy 


= 777.8 — 774.1 = 3.7 kJ тог! 
Now AG = AH — TAS 
= 3.7 – 298 x 0.043 = 3.7 – 12.814 
AG = -9.114 kJ тог! 





AG? = AH? — TAS? 
= 92.4 — 298 х (-198.3) x 1073 (+ AS°=-198.3 x 10? КК) 
= 33.306 kJ 
Since AG? is negative, it means that a mixture of H, and М; at 25°C, 
each present at a pressure of 1 atm would react spontaneously to form 
ammonia. 


Solution 22. AG = AH — TAS 


Solution 23. 


For a reaction to be spontaneous, AG - —ve and therefore, 


AH 25 4 +3 
АН — TAS =-уе or АН > TAS or ==> Т or толо от 
AS -1983 
ог 481.0> Т 


Thus, if temperature of system is lesser than 481 К, the reaction would 
be spontaneous. Also at 481 K, the reaction will be in equilibrium. 
Ап increase in temperature above 481.0 will develop non-spontaneity 
for the reaction. 


AG? = —2.303 x 8.314 x 300 log (2.0 x 1077 
= 438479.8 J тог! = + 38.48 kJ тог! 


Also, AG? = AH? — TAS? 
AS? = АН?-АС” 2840-3848 
Т 300 


= -0.0336 kJ = -33.6 JK! 
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» Problem 1. 


» Problem 2. 


>- Problem 3. 


> Problem 4. 


> Problem 5. 


> Problem 6. 


> Problem 7. 


> Problem 8. 


> Problem 9. 


> Problem 10. 


NUMERICAL PHYSICAL CHEMISTRY 





Selected Problems with Solutions 


À gas occupies 2 litre at STP. It is provided 300 joule heat so that its 

volume becomes, 2.5 litre at 1 atm. Calculate change in its internal 

energy. 

Calculate the work done during the process when one mole of gas is 

allowed to expand freely into vacuum. 

2.8 g of № gas at 300 K and 20 atm was allowed to expand isothermally 

against a constant external pressure of 1 atm. Calculate AE, а and W for 

gas. 

At 27°С, one mole of an ideal gas is compressed isothermally and 

reversibly from a pressure of 2 atm to 10 atm. Calculate AE and q. 

One mole of an ideal gas is heated at constant pressure from 09С to 

100°С. 

(a) Calculate work done. 

(b) If the gas were expanded isothermally and reversibly at 0°C from 
1 atm to some other pressure Рр, what must be the final pressure if 
the maximum work is equal to the work involved in (a)? 

1 mole of an ideal gas at 25?C is subjected to expand reversibly ten times 

of its initial volume. Calculate the change in entropy of expansions. 

An insulated container is divided into two equal portions. One portion 

contains an ideal gas at pressure P and temperature 7, while the other 

portion is a perfect vacuum. If a hole is opened between the two portions, 

calculate the: 

(a) change in internal energy of the gas, 

(b) change in temperature of the gas. 

The temperature of a bomb calorimeter was found to rise by 1.617 K, 

when a current of 3.20 A was passed for 27.0 second from a 12.0 V 

source. Calculate the calorimeters constant. 

l litre flask containing NH3, аг 2.0 atm at 200 К is connected by a 


narrow tube of negligible volume to another 800 mL flask containing 
НС) at 8.0 atm at 200 К. The two gases react according to equation 
NH, | + HCly, —+ NH,Cls); AH =- 43 kJ/mol 
7% 


If heat capacity of НС») С, is 20 ЈК”! тог !, determine the heat 
produced, final temperature and final pressure inside the flask. The heat 
capacity of flask and volume of solid NH4CI in flask is negligible. 


The specific heat of a liquid was measured by placing 100 g of the liquid 
in a calorimeter. The liquid was heated by an electric immersion coil. 
The heat capacity of the calorimeter together with the coil was previously 
determined to be 31.4 J/K. With the 100 g sample placed in. the 
calorimeter, а current of 0.5 ampere was passed through the immersion 
coil for exactly 3 minutes. The voltage across the terminal of coil was 
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» Problem 11. 


» Problem 12. 


> Problem 13. 


» Problem 14. 


> Problem 15. 


measured to be 1.50 V. The temperature of the sample rose by 0.8°C. 
Find the specific capacity of liquid. 

A sample of 3.0 mole of perfect gas at 200 K and 2.0 atm is compressed 
reversibly and adiabatically until the temperature reaches 250 K. Given 
that molar heat capacity at 27.5 J K^! mol! at constant volume, 
calculate q, W, AE, AH and the final pressure and volume. 

One mole of a monoatomic ideal gas is heated at constant pressure from 
25°С to 300?C. Calculate the АН, AE, workdone and entropy change 


during the process. Given C, = 5 К. 


Calculate the final temperature of а sample of СО» gas (16 2) that is 
expanded reversibly and adiabatically from 0.5 litre to 2.0 litre at 298 
К. Also calculate the work done by the gas. If C, for СО; is 42 J 
K^! тог". Calculate the enthalpy change in the process. Take Cp/cy for 
СО, as 1.33. 

One mole of a perfect monoatomic gas is put through a cycle consisting 
of the following three reversible steps: 


T, T, 


(20, 1) (20, 10) 
Ds өр 





(CA) Isothermal compression from 2 atm and 10 litres to 20 atm and | 
litre. 

(AB) Isobaric expansion to return the gas to the original volume of 10 
litres with T going from Ту to 75. 

(BC) Cooling at constant volume to bring the gas to the original 
pressure and temperature. 

The steps are shown schematically in the figure shown. 

(a) Calculate Т) and 7». 

(b) Calculate АЕ, 4 and W in calories, for each step and for the cycle. 


| g of water changes from liquid to vapour phase at constant pressure 
of 1 atmosphere, the volume increases from I mL to 1671 mL. The heat 
of vaporisation at this pressure is 540 cal/g. Find the: 

(a) Work done (т J) during phase change. 

(b) Increase in internal energy of water. 
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» Problem 16. 


> Problem 17. 


» Problem 18. 


NUMERICAL PHYSICAL CHEMISTRY 


The given figure shows a change of state A to state C by two paths 
ABC and AC for an ideal gas. Calculate the: 





(a) Path along which work done is least. 

(b) Internal energy at C if the internal energy of gas at A is 10 J and 
amount of heat supplied to change its state to C through the path 
AC is 200 J. 

(c) Amount of heat supplied to the gas to go from A to B, if internal 
energy of gas at state B is 10 J. 


A monoatomic ideal gas of two moles is taken through a cyclic process 


; : У, 
starting from А as shown in figure. The volume ratios are —P 22 and 
A 


V 
А = 4. If the temperature 14 at A is 27°C, calculate: 
A 





(a) The temperature of the gas at point B. 
(b) Heat absorbed or released by the gas in each process. 
(c) The total work done by the gas during complete cycle. 


Two moles of helium gas (r — 5/3) are initially at a temperature of 
27°С and occupy a volume of 20 litre. The gas is first expanded at 
constant pressure until the volume is doubled. It then undergoes adiabatic 
change until the temperature returns to its initial value. 

(a) Sketch the process on P—V diagram. 

(b) What are final pressure and final volume of gas. 

(сэ. What ts the work done by the gas. 
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» Problem 19. 


» Problem 20. 


» Problem 21. 


» Problem 22. 


» Problem 23. 


» Problem 24. 


» Problem 25. 


» Problem 26. 


» Problem 27. 


5 
, An ideal gas has a specific heat at constant pressure C, => К. The gas 


is kept in a closed vessel of volume 0.0083 m’, at a temperature of 


300 K and pressure 1.6 x 10° N/m?. An amount of 2.49 x 10° J of energy 
is supplied to the gas. Calculate the final temperature and pressure of 
the gas. 

A strip of magnesium of mass 15 g is dropped into an open beaker of 
dilute hydrochloric acid. Calculate the work done by the system as a 
result of reaction. The atmospheric pressure is 1.0 atm and temperature 
is 25?C. Also calculate the work done if the reaction is carried out in 
closed beaker. 

Calculate the work done when 50 g of iron reacts with hydrochloric acid 
in: 

(1) a closed vessel of fixed volume, 

(ii) an open beaker at 25?C. 

The internal energy change in the conversion of 1.0 mole of the calcite 
form of CaCO to the aragonite form 1$ + 0.21 kJ. Calculate the enthalpy 
change when the pressure is 1.0 bar; given that the densities of the solids 
are 2.71 g cm ? and 2.93 g cm? respectively. 

Calculate the work done when a system raises a column of water of 
radius 5.0 mm through 10 cm. 

A bulb of 100 watt is switched on in a room of dimensions 
5x4x3 т>. What will be the increase in temperature of room after 
15 minute, if specific heat of air at room temperature and 1 atm is 
071Jg ТК" and heat capacity of four walls and the roof is 
50 x 107 J K`! (density of air = 1.22 х 1079 kg тї 1)? 

Бог a reaction М:0(6)--> 2M(s) +1 О,(8); AH = 30 kJ mol! and 
AS = 0.07 kJ K^! тог ! at 1 atm. Calculate upto which temperature, the 
reaction would not be spontaneous. 


Consider a class room of dimensions 5x 10x3 т” at temperature 
20°С and pressure ! atm. There are 50 peoples in the room, each losing 
energy at the average of 150 watt. Assuming that the walls, ceilling, floor 
and furniture perfectly insulated and none of them obsorbing heat, how 
much time will be needed for rising the temperature of air in the room 


to body temperature, i.e., 37°C. For air С, = 1. Loss of air to the outside 


as the temperature rises may be neglected. 
An athelete in a gymansium room lifts a 50 kg mass through a vertical 


distance of 2.0 m; g = 9.8 ms ?. The mass is allowed to fall through 
2.0 m distance while coupled to an electrical generator. The electrical 
generator produces an equal amount of electrical work. This electrical 
work is used to produce aluminium by Hall's process involving the 
change, 

ALO; (molten) + 3C(s) ——9 АКТ) + 3CO(g) 
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> Problem 28. 


> Problem 29. 


> Problem 30. 


> РгоШет 31. 


NUMERICA. PHYSICAL CHEMISTRY 


The reaction require standard free energy change equal to 593 kJ. How 
many times must the athelete life the 50 kg mass and to drop and couple 
with generator to produce sufficient Gibbs free energy to produce 27 g 
Al? “р, 
An aeroplane weighing 63,000 kg flies up from sea level to a height of 
8000 metre. Its engine run with pure normal octane (CgHjg) has a 
30% efficiency. Calculate the fuel cost of the flight if octane sells at Rs. 
3/- per litre. Given density of octane = 0.705 g mL"! heat of combustion 
of octane = 1300 kcal тог“!. (в = 981) 
Titanium metal is extensively used in aerospace industry because the 
metal imparts strength to structures but does not unduly add to their 
masses. The metal is produced by the reduction of TiCl4(1) which in turn 
is produced from mineral rutile [TiO2(s)}. Can the following reaction for 
production of ТІСІ4(1) be carried ош at 25°С? 

TiO,(s) + 2С15(#) —— TiCl,(1) + О, (в) 
Given that Н? for TiO»(s), ТіСІ4(1), Clo(g) and. O2(g) are — 944.7, 
— 804.2, 0.0, 0.0 kJ mol !. Also $° for TiO2(g), СЫ), Cla(g) and 
O»(g) аге 50.3, 252.3, 233 0, 205.1 J mol! K ! respectively. 


A lead bullet weighing 18.0 g and travelling at 500 m/s is embedded in 
a wooden block of 1.00 kg. If both the bullet and the block were initially 
at 25.0°C, what is the final temperature of block containing bullet? 
Assume no temperature loss to the surroundings. (Heat capacity of wood 
= 0.5 kcal/kg-K; of lead = 0.030 kcal/kg-K) 

The standard enthalpy and entropy changes for the reaction in equi- 
librium for the forward direction are given below: 
CO(g) + H,0(g) === CO»(g) + Н,(р) 


АН к =~ 41.16 kJ mol !; А уук =- 424 x 1072 KJ mor! 


АН ик=- 32.93 К] mol! ; А55, ур = – 296 x 1072 kJ тог! 
Calculate K, at each temperature and predict the direction of reaction at 
300 K and 1200 K, when Рсо = Pco, -Рн, = Fino 1 atm at initial 
state. 
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== ено мр (Аы 


Апзмег$ 


ь 


. 249.37 joule 


0; 

АЕ-0, q[=236.95J, М--236951; 
АЕ-0, 4--965.84 са! ; 

(a) —198.7 cal, (b) 0.694 atm 


19.15 ЈК! mor! ; 


. № change іп Тапа E ; 


641.18 JK! ; 

14.39 atm 

1.37 Jg-K  ; 

4-0, W=4+4.157kJ, АЕ=+4.157 kJ, 
АН = 5.372 kJ, 5.2 atm, 11.8 litre ; 


.3.269 са! КТІ тог! 


. 1886 К, 1.002 kJ, 2.002 kJ ; 


(i) Т = 243.60 К, Т = 2436.0 К, 

(ii) in path СА И = +1122.02 cal, ДЕ = 0, д= №, 
in path AB W = –4384.9 cal, ДЕ = +6577.2 cal, д = 10962.1 cal 
in path BC У/-0, q= AE = -6577.2 ; қ 

(а) - 168.67 J, (b) 2088.53] ; 

(а) AC isleast, (b) 1701, (c) 10J ; 

(a) 600 K, (b) (i) +3000 cal, (ii) +1.663 x 10° cal, (iii) —1800 cal, 

(iv) 1200 cal, (с) 1200 са! ; 


. (a) See solution (b) 2.46 atm, 113.13 litre (с) 3000 са! ; 


Т-675К, P=3.58x10°N/m ; 


. -1.548 KJ, 0 21. (i) 0, (1) -2212221 ; 
0.20972 kJ тог! ; 23. -3.85 x 10? J. ; 
08K ; 25. T«42857K ; 
411.3 second ; 27. 303 ; 
14724 Rs. ; 29. 158.06 ЮК ; 
. 2608C ; 


. 40300 К AG? = -2844 kJ, Ky 8.94 x I0", 


at 1200 К АС?-- 2.59 kJ, Кр = 0.77. 
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— w— Problems for Self Assessment 





A sample consisting of 1.0 mole CaCO, was heated to 800°C when it 


decomposed. The heating was carried out in a container fitted with a piston which 
was initially resting on solid. Calculate the work done during complete decompo- 
sition of СаСО, at 1 atm. What work would be done if instead of having a piston, 


the container were open to the atmosphere. Also calculate the work done if piston 
is removed and reaction is made in closed container. 

When 229 J of energy is supplied as heat at constant pressure to 3.0 mole of argon 
gas, the temperature of the sample increases by 2.55 K. Calculate the molar heat 
capacities at constant volume and constant pressure of the gas. 

А sample of liquid of mass 30.5 g is cooled from 290 K to 275 K at constant 
pressure by the extraction of 1.2 kJ of energy as heat. Calculate g and AH and 
estimate the heat capacity of the sample. Also if liquid has mol. wt. of 90, calculate 
its molar heat capacity. 

А sample of 4.0 mole О» is originally confined in 20 L at 270 К is subjected to 


reversible adiabatic expansion against a constant pressure until the volume has been 
increased by a factor 3.0. Calculate а, W, AT, AE , AH and final pressure. 
Assume С,/С, = 1.40 for О). 


Calculate the final volume of one mole of an ideal gas initially at 0°С and 1 atm 
pressure, if it absorbs 1000 cal of heat during a reversible isothermal expansion. 
10 moles of an ideal gas expands isothermally and reversibly from a pressure of 
10 atm to 2 atm at 300 K. What is the largest mass which can be lifted through a 
height of 1 meter in this expansion. 

Calculate AE and AH when 100 dm? of helium at STP are heated to 373 K in a 
closed container. Assume that gas behaves ideally and it Со, is 12.55 J 


mol! КТ, ; 
One mole of an ideal monoatomic gas is carried through the cycle of the given 


fig., consisting of steps A, B and C and involving states 1, 2 and 3. Fill in blank 
space in the tables given below. Assume reversible steps. 


V (litre) 
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Table-1 
State P atm 
| шав 
2 —— 
3 == 8.4 
Тађ!е-2 
Step Name of Process 
C 


Cycle 


NUMERICAL PHYSICAL CHEMISTRY 


V litre TK 
22.4 273 
22.4 546 
44.8 546 

q cal W cal AE cal 


||| 
||| 


9. One mole of a monoatomic ideal gas is put through the reversible cycle shown in 


Step 
122 
223 
3-1 
Total 
cycle 


P (atm) 








the figure. Fill in the blank spaces in the table given below. 


i 

} 

} 

| 
22.4 44.8 











V (litre) 
P atm V litres TK 
1 ---- 298 
1 — 596 
2 —— 596 
Nature of Process д cal W cal AE cal AH cal 
Isobaric 
Isochoric —- -- —— —— 
Isothermal 5 --- —— --- 


10. What is the maximum work that can be obtained by the isothermal expansion of 1 mole 
of an ideal gas at 273 К from 2.24 dm? to 22.4 dm?? 
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N 
Two moles of an ideal monoatomic gas 15 taken through a cycle ABCA as shown 
in P, T diagram. During the process АВ, pressure and temperatures of the gas very 
such that РТ = constant. If T, = 300 К, calculate the: 





(a) Work done on the gas in the process AB. 

(b) Heat absorbed or released by the gas in each of the process. 

One mole of an ideal monoatomic gas is taken round cyclic process ABCA as shown 
in figure. Calculate: 





(a) The work done by the gas. 

(b) The heat rejected by the gas in the path CA the heat absorbed by the gas in 
the path AB. 

(c) The net heat absorbed by the gas in the path BC. 

(d) The maximum temperature attained by the gas during the cycle. 

Three moles of an ideal gas (Ср= 7/2 Е) at pressure P, and temperature T, is 

isothermally expanded to twice its initial volume. It is then compressed at constant 

pressure to its original volume. Finally the gas is compressed at constant volume 

to its original pressure P4. 

(a) Sketch P—V and Р—Т curves for complete process. 

(b) Calculate the net work done by the gas and net heat supplied to gas during the 
complete process. 

Two moles of helium gas undergo a cyclic process as shown in figure. Assuming 

the gas to be ideal, calculate: 

(a) the net change in heat energy, 
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(b) the net work done, 
(c) the net change in internal energy. 


Р 
2atm}-...-! 1 В 
l atm] - - - - - 





С . Т 
300K 400K 


15. One mole of a monoatomic ideal gas is taken through the cycle shown in figure: 





А Э В: adiabatic expansion 

B —— С: cooling at constant volume 
C—— D : adiabatic compression 
Ю—— А. heating at constant volume 


The pressure and temperature at A, В... etc. are P4, T4, Рр, Tp. . . respectively. 
Given T,-1000K, Рр= : P, and Рс == Р, calculate: 


(а) the work done by the gas in the process A — В, 
(b) the heat lost by the gas in the process В ——» С, 
(c) the temperature Тр. 

2/5 


[Given, 3 =0.85 | 


16. An ideal gas is taken through a cyclic thermodynamic process through four steps. 
The amount of heat involved in these steps аге: 0, = 5960 J, 0,--5585 J, 
Оз =-2980 J and О, = 3645 J respectively. The corresponding Quantities of work 
involved are W} = 2200 J, №, =-825 J апа №; = —1100 J and W, respectively. 
Calculate: 
(a) the value of W4, 
(b) the efficiency of cycle. 


5% 
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17. 


18. 


29. 


21. 


22. 


23. 


24. 


25. 


At 27"C two moles ol an ideal monoatomic gas occupy a volume V. The gas 
expands adiabatically to à volume 2V. Calculate: 

(a) the final temperature of gas, 

(b) the change in internal energy, 

(c) the work done by the gas. 

One mole of a diatomic ideal gas (y = 1.4) is taken through a cyclic process starting 
from point А. The process А — > B is adiabatic compression, B — C is isobaric 
expansion, C —— D is adiabatic expansion and D — А is isochoric. The volume 


V V 
ratio Ver 16 and 25 = 2 and temperature at А is T, = 300 К. Calculate the: 
B "В 


(a) Temperature of the gas at point В and D. 
(b) Efficiency of the cycle. 


A track star expends 5.0 x 107 J min! energy during its running. If this energy 
have been used to heat water, how much water would have raised its temperature 
from 25°C to 100°C. Sp. heat of water = 4.18 J/g. 

1.0 mole of FeO, and 2.0 mole of Al are mixed at temperature 25°C and reaction 
is completed to give: 

Fe,0,(s) + 2Al(s) —9 Al,0,(s) + 2Fe(; АН = – 850 kJ 

The liberated heat is retained within the products, whose combined specific heat 
over a broad temperature range is about 0.8 J g Ку The melting point of iron is 


1530?C. Show that the quantity of heat liberated is sufficient to raise the 
temperature of the product to the melting point of iron in order to get it welded. 


Calculate the amount of work required for adiabatic reversible expansion of 1 mole 
of a polyatomic gas at -50°C and 10 atm to | atm; (y= 1.33). 

Predict whether at 27?C, the following change is spontaneous or not; 
4NH,(g) + 50,(g) —o 4NO(g) + 6Н,0(1). Given, 

AH--49080Jmol! апі = AS=+35.73K! тог! 
Acetic acid СН,СООН can form a dimer (СН,СООН), in the gas phase. The dimer 
is held together by two H-bonds with a total strength of 66.5 kJ per mol of dimer. 
0---Н--О. 


сс С--СН, 
Ө--Н---08, 


If at 25°C, the equilibrium constant Гог dimerisation is 1.3 x 103, calculate AS? for 


the reaction, 
CH4COOH(g) == (СН,СООН),(8) 


Calculate the standard entropy change for the reaction; 

H,(g) + Cl(g) —9 2HCl(g) 
at 25°C. Given S? for Н, Cl, and НСІ are 0.13, 0.22 and 0.19 kJ K^! mor! 
respectively. 
Calculate the change in entropy when | mole of №, gas expands isothermally and 
reversibly from an initial volume of | litre to a final volume of 10 litre at 27°C. 
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. -89 kJ, 


-8.9 kJ, 0; 





Answers 
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. Ср= 29.93 IK ! тоГ!, С,=21.93 ЈК"! mol! ; 
. -1.2kI, -1.2 KJ, 480 ЇК”,, 236.0 JK mor! ; 


. 12125407: 


. 5.226 КІ, 9.317 КІ, 


State P atm 
1 1 
2 2 
3 1 
Step Name of Process 
A Isochoric 
B Isothermal 
C Isobaric 
Cycle 
9, 
Stage 1 
V litre 24.4 
Step q cal 
152 1480 
23 —822 
3-1 -889 
Total cycle 231 


10. -523х 1071: 


11. (а) W = -2400 cal, 


12. (а) W= Po Vo, 


1 
(с) авс = 5 Ро 


13. (а) 


6. 40929 kg ; 
Table-1 
V litre 
22.4 
22.4 
44.8 
Table-2 
q cal W cal 
819 0 
0 748 
-1365 -546 
202 202 
2 3 
48.4 24.4 
W са! АЕ са! 
591 889 
-822 0 
0 -889 
-231 0 


(b 0-1663.56са! ; 


5 
(b) аса =- 2 Ро Ур, qAB = ЗРо Vo, 


Vo, (d) 





(b) q2w-20.58x К ХТА ; 


25. Po Vo 
BORE ^ 





1 
2 
3 
4. Wz-798 КТ, 4-0, ДЕ = -7.98 kJ, АН = 11.174 kJ, AT- 96 К, Р= 724.6 torr; 
5 
7 
8 


b 
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25. 


. (а) 1153.53, (Ы) 1153.5 Ј, (с) Zero ; 

‚ (а) 1869.75 J, (b) -5297.6 J, (с) 500K ; 

. (а) w42765J, (b) n=0.108 ; 

. (а) 189 К, (b) -2767 J, (с) 27671; 

. (а) Тв -909 К, Тс=1818 К, (Ы 0.614 ; 

. 1.59 х 1072 ; 

. Temperature rises up to [25 + 4965] К = 4990 К, i.e., much more than m pt. of 


Fe ; 
. 2443.8 J ; 22. AG =—1630Ј, .. Spontaneous ; 
. -0.163 JK! ; 24.-30 ЈК! mor! ; 


19.15 JK ! mor. 





Thermochemistry 


Chapter at a Glance 


Heat changes expressed at constant pressure = АН 
Heat changes expressed at constant volume = AE 
АН = ДЕ + PAV 
AH = AE + AnRT . 
An = No. of moles of product - No. of moles of reactants; as represented 
by stoichiometry of change. 
(count only gaseous phase molecules for Ап) 


Kirchoff's equation: Variation of AH and AE with temperature 


AH» - АН, = AC, (7 - Ту) 
ДЕ; – AE, = АС, (T) - Ty) 
АС, = XC, Products 7 >с Reactants 


АС, = УС, Products ~ 2Су Reactants 
AC, and AC, are changes in molar heat capacities at constant pressure and volume 


respectively during the change 


Standard Heat Enthalpy (H°) 


H (Compound) -АР 1 (Formation of compound) 


Heat of Solution for Electrolytes (АН) 


AH, = АН, + АН, 
АН, and АН, are heat of ionisation and heat of hydration respectively 
Heat of Neutralization 
H*+OH == ЊО; AH (neutralization) = —13.7 kcal =-57.27 kJ 
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The Basic Problems with Solution 


» Problem 1. А swimmer coming out from a pool is covered with a film of water 
weighing about 80 g. How much heat must be supplied to evaporate 
this water. If latent heat of evaporation for Н,О is 40.79 kJ mol"! at 
100°С. 

> Problem 2. How much heat is produced when 4.50.5 methane gas is burnt in a 
constant pressure system. 


Given: СН, + 20, ——= СО, + 2H,O; AH = -802 kJ 

» Problem 3. Red phosphorus reacts with liquid bromine in an exothermic reaction, 
2P(s) + ЗВг() —— 2PBr3(g) : AQ? = –243 kJ. Calculate the 
enthalpy change when 2.63 g of phosphorus reacts with an excess of 
bromine in this way. 


> Problem 4. Ammonium nitrate can decompose with explosion by the following 
reaction : 


МНМО з у —> №0) яя 2Н,Ор,, ^ AH = —37.0 kJ 
Calculate the heat produced when 2.50 g of МНАМО) decomposes. 


> Problem 5. Heat of reaction for СНО + 605, ——> 6СОҙ,) + 640 at 
constant pressure is —651 kcal at 17°С. Calculate the heat of reaction 
at constant volume at 17°С. 

> Problem 6. The enthalpy change (АН) for the reaction, 


№(2) + 3Hy(g) —— 2NH;(g) is - 92.38 kJ at 298 К. 
What is AE at 298 K? 
> Problem 7. Тһе specific heats of iodine vapour and solid are 0.031 and 0.055 cal/g 
respectively. If heat of sublimation of iodine is 24 cal/g at 200?C, 
what is its value at 250°С? 
> Problem 8. АН for combustion of ethane and ethyne are -341.1 and —310.0 kcal 
respectively. Which gas is better for welding purpose and why? 
> Problem 9. AH? for АБО; is — 1670 kJ. Calculate the enthalpy change for the 
reaction : 
4А1+ 30, —> 2А1,О, 
»- Problem 10. Thermochemical equation for two rocket fuels are given below : 
2А1) + (32020) ——? A103, ; AH = — 1667.8 kJ 
Hyp) + 20. — НО; АН=- 285.9 kJ 
If equal mass of Al and Н, are used, which is a better rocket fuel? 


> Problem 11. А cooking gas cylinder is assumed to contain 11.2 kg isobutane. The 
combustion of isobutane is given by : 


Cyl і 108) | (13/2)034; ? 4СОхр) dg 5H;0,, 5 AH = -2658 kJ 
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> Problem 12. 


» Problem 13. 


> Problem 14. 


> Problem 15. 


> Problem 16. 


»- Problem 17. 


> Problem 18. 


> Problem 19. 
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(a) If a ‘amily needs 15000 kJ of energy per day for cooking, how long 
would the cylinder last? 

(b) Assuming that 30% of the gas is wasted due to incomplete 
combustion, how long would the cylinder last? 

When 3.725 g of КС is dissolved in excess of water, the amount of 

heat absorbed is X kJ. Calculate the enthalpy of solution of KCI. 

Calculate the amount of heat released when heat of neutralization is 

-57.0 kJ: 

(а) 0.5 mole of HNO; is mixed with 0.3 mole of NaOH in aqueous 
solution. 

(b) 200 mL of 0.1 M H5SO, is mixed with 150 mL of 0.2 M КОН. 

Calculate the heat of neutralization by mixing 200 mL of 0.1 МН;5О, 

and 200 mL of 0.2 M КОН if heat generated by the mixing is 2.3 kJ. 

When a student mixes 50 mL of 1.0 M HCI and 50 mL of 1.0 M 

NaOH in a coffee cup calorimeter, the temperature of the resultant 

solution increases from 21.0?C to 27.5?C. Assuming that the 

calorimeter absorbs only a negligible quantity of heat, that the total 

volume of the solution is 100 mL, its density 1.0 g mL! and that its 

specific heat is 4.18 J/g, calculate : 

(a) the heat change during mixing. 

(b) the enthalpy change for the reaction : 


НС а)" МаОН а.) — > NaCla4, + НО 

(a) Calculate the energy needed to raise the temperature of 10.0 р of 
iron from 25?C to 500?C if specific heat capacity of iron is 
0.45 (су в". 

(b) What mass of gold (of specific heat capacity 0.13 J Су g! can 
be heated through the same temperature difference when supplied 
with the same amount of energy as in (a)? 

Standard vaporization enthalpy of benzene at its boiling point is 30.8 

kJ тоГ'; for how long would a 100 W electric heater have to operate 

in order to vaporize a 100 g sample of benzene at its boiling 
temperature? 

Acetic acid (ethanoic acid) and hydrochloric acid react with KOH 

solution. The enthalpy of neutralisation of ethanoic acid is —55.8 kJ 

тог! while that of hydrochloric acid is — 57.3 kJ mol”. Can you think 
of how are these different? 

Specific heat of Li(s), Na(s), K(s), Rb(s) and Cs(s) at 398 K are 3.57, 

1.23, 0.756, 0.363 and 0.242 Jg ! к! respectively. Compute the molar 

heat capacity of these elements and identify any periodic trend. If 

there is trend, use it to predict the molar heat capacity of Fr. 


\ 
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»- Problem 20. 


» Problem 21. 


» Problem 22. 


> Problem 23. 


» Problem 24. 


Given 5° for CGraphite › 11208) and CH4(g) аге 5.70, 130.7 and 186.3 J 
К^! mol ' . Also standard heat of formation of CH, is —74.81 kJ 
тог, 


Calculate the statndard free energy change for the formation of methane 
at 298 K. 


C Graphite ш 2Н%2) > CH,(g) 


0.562 g of graphite kept in a bomb calorimeter in excess of oxygen at 
298 K and 1 atmospheric pressure was burnt according to the equation 


Graphite ш Ox(g) ===> СО) 
During the reaction, temperature rises from 298 К to 298.89 К. If the 
heat capacity of the calorimeter and its contents is 20.7 kJ/K, what is 
the enthalpy change for the above reaction at 298K and 1 atm? 
Calculate the enthalpy change during the reaction 


H,(g) + Bro(g) ——> 2HBr(g). 


Given ey y= 435 kJ тог |; eg, в; = 192 kJ тог! and ey, g, = 368 kJ 

mor !. 

Determine enthalpy change for the reaction, 

Санал 52:39 НОК 

Bond energies for C—H, С--С1, CI—Cl, Н—СТ are 412, 338, 242, 
431 kJ mor! respectively. 
During one of his adventures Chacha Chaudhary got trapped in an 
underground cave which was sealed two hundred years back. The air 
inside was poisonous and contains CO in addition to О; and N;. Sabu, 
being huge, could not enter cave. In order to save Chacha Chaudhary 
he started sucking the poisonous air out ofthe cave by mouth. In each 
cycle he used to fill his lungs with cave air and exhale it out in the 
surroundings. In the mean time fresh air (№ + О,) from the 
surrounding effused into cave till the pressure was 1 atmosphere. Each 
time Sabu sucked air, the pressure in the cave dropped to % atm. Ап 
initial sample of air taken from the cave measured 11.2 mL at STP 
and give 7 J on complete combustion at constant pressure. 

(a) If the safe level of CO required in cave for life is less than 0.001% 
by volume, how many times does Sabu need to suck out air in 
order to save Chacha Chaudhary. 

(b) Sabu should rescue Chacha Chaudhary within 10 minutes else he 
will die. Precious 80 second are wasted in thinking of a way to 
rescue him. At maximum how much time should each cycle of 
inhaling exhaling take. Given АН, сс, CO = -280 kJ тоГ!, Neglect 
Graham's law effect during operations. 
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1. 1812k); 
3. -1031; 
5. —654.48 kcal; 
7. 22.8 cal/g; 
9. -3340 kJ; 
11. (a) 34 day, (b) 24 day; 
13. (a) 17.1 kJ, (b) 1.71 kJ; 
15. 54.4 КҮ; 
17. 6.6 min; 
19. 33.51 mor! К”; 
21. -3.93х107); 
23. -115 kJ тог; 
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Answers 





-225.6 kJ; 

1.16 kJ; 
-87.425 kJ; 
Ethyne; 

Н,, –142.95 kJ/g ; 
20 X; 

57.5 К}; 

34.61 g; 

See solution; 
-50.73 kJ ; 
-109 kJ ; 

13 times, 40 sec. 
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Solution 
Solution 1. Amount of water present on the body of swimmer = 80 р “1% mole 
80 
Thus heat required to evaporate = 18 E НОО = 40.79 x 18 
= 181.2 kJ 
Solution 2. 16 g CH, on burning produces heat = — 802 kJ 
4 -802 х 4.5 
4.5 g СН, on burning produces heat := ете -225.6 КЈ 
Solution 3. 2 mole of P produces heat = 243 kJ 
BOS арин. э, h _ 243 x 2.63 
3; mole of P produces heat=~ 1-2 
= 10.31 kJ 
Heat produced = 10.31 kJ 


Solution 4. 


Solution 5. 


Solution 6. 


Solution 7. 


Solution 8. 


АН = = 10.31 kJ (The evolution of heat is exothermic in nature.) 


80 р МН. МО; gives heat = 37.0 kJ 
2.50 2 NH4NO gives heat = (37.0 x 2.50)/80 = 1.16 kJ 


АН = ЛЕ + AnRT and AH = — 651 x 103 cal; R=2 cal; Т= 290 К 


and An =6+6-6=6 
2. – 651 x 103 = AE +6 x 2 x 290 
ог ЛЕ = 654480 са! = – 654.48 Кса! 
N2(g) + 3Hy(g) — 2NH,(g) АН--92.38 К] at 298 К 
AE =? 


AH = AE + AnRT 
An=2-(3+1)=-2 

– 92.38 x 103 = ДЕ + 8.314 x (— 2) x 298 
AE = – 87424.8 J = – 87.425 kJ 


b) —? Бру» AH = 24 cal/g at 200°С 


сер” = cp of product — cp of reactants = 0.031 — 0.055 = 
АН, — AH, — Acp (75 = TD 
АН) - 24 =- 0.024 x (523 — 473) 
АН, = 22.8 cal/g 


— 0.024 cal/g 


À better gas welder is one which possesses high calorific value i.e., heat 


produced by 1 g of fuel. 


Calorific value for ethane = (-341.1/30) = -11.37 kcal/g (mol wt. = 30) 
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Calorific value for ethyne = (-310.0/26) = —11.92 kcal/g (mol wt. = 26) 
Thus ethyne is better gas welder. 


Solution 9. Given: 2Al + (3/220; — А,О;; АН = — 1670 kJ 
multiplying it by 2; 4А1+ 30, —— 2А,О;; АН= 2 х (-1670) 
= – 3340 kJ 
: —1667.8 
Solution 10. Calorific value of Al = ECC 30.88 kJ/g 
-285.9 





Calorific value of H5 = =- 142.95 kJ/g 
Thus Н, is better rocket fuel. 


Solution 11. (а) - 58 р isobutane provides energy = 2658 kJ 


2x10 
112 х 10? g isobutane provides energy = шин — kJ 
= 513268.9 kJ 
The daily requirement of energy = 15000 kJ 
Cylinder will last = 21220422 34 days 
15000 
513268.9x70 
(b) Total loss of energy due to wastage = Кл ms kJ is 3096 
and thus energy used for work 
А 2 _ 513268.9 х 70 _ 
Cylinder will last = 100515000 24 4ауз 


Solution 12. КС! + ag. ——> КС, ; АН=? 
' 3.725 g КС! on dissolution absorbed heat = X kJ 


Х(45) _ ayy 
81728777) 


КС! + ag. —> КС; AH-20X 


Solution 13. (a) 1 mole of HNO; and 1 mole of NaOH give heat = 57.0 kJ 


0.3 mole of HNO; and 0.3 mole of NaOH give heat = 57 x 0.3 
= 17.1 КЈ 





. 74.5 g КСІ on dissolution absorbed heat – 





Note: Both acid and base are monovalent and thus 1 mole 7 1 equivalent 
Also 0.2 mole of HNO, are left unreacted. 


(b) Мед. of H,SO, = 200 x 0.1 x 2 = 40; 
Мед. of KOH = 150 x 0.2 x 1 = 30 
* 1000 Мед. of H,SO, and 1000 Мед. of КОН on mixing produce heat 
= 57.0 kJ 
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530 Мед. of 11550, and 30 Мед. of KOH on mixing produce heat 


шилж 1.71 kJ 
1000 — 
Note: 10 Мед. of H5SO, is left unreacted. 
ІР 
Solution 14. Мед. of H2SO, = 200 x 0.1 x 2 = 40 (Н,50, is dibasic) 
Мед. of KOH = 200 x 0.2 = 40 
40 Мед. of H SO, and 40 Мед. of KOH on mixing gives heat 
=2.3 kJ 
. 1000 Меч. of Н;80, and 1000 Мед. of KOH on mixing gives heat 
_ 2.3x1000 еее 
ГЭЭ 
Solution 15. mM of HCI = 50 x 1.0 = 50; mM of NaOH = 50 x 1.0 = 50 
Heat changes during mixing = m.s.AT 
50 mM of HCI and 50 mM of NaOH = (100 x 1) х 4.18 x 6.5 = 2717 J 
-272kJ 
Further, on mixing 50 mM of HCl and 50 mM of NaOH produces heat 
= 2.72 К] 
. 1000 mM of HCI (ог 1000 Мед.) and 1000 mM of NaOH produces 
2.72x1000 
heat — а о. 54.4 КЈ 


(с: acid and bases are monobasic and monoacidic, respectively). 


Solution 16. (а) а = m.s. AT = 10 x 0.45 x (773 - 298) J = 2137.5 J 


(6) g=ms.AT X [Giveng = 2137.5, Т= (773 – 298) = 475; s =0.13] 
22 2137.5 = m x 0.13 х 475 
т = 34.61 р 


100 
Solution 17. 100 р benzene contains = p mole (mol.wt. of benzene, СНС = 78) 


100 х 10? х 308 


аум; 100 
2. Heat of vaporisation of СеН, = rm 30.8 kJ = 78 J 
ene! 
Since, Power = спеву (1 W=1J) 
time 
3 
100 = Мэс 
78 х time 
| 39487 . 3 
time = 394.87 sec. = "ep min- 6.6 min 
Solution 18. Enthalpy of neutralisation for НС! = — 57.3 kJ mor! 


Тићи ру of neutralisation for СНСООН = - 55.8 kJ mor! 
In case of neutralisation of С11,СООН, the part of heat released 
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[- 57.3 – (~ 55.8) =— 1.5 kJ] is used up in dissociation of acetic acid and 
. thus heat given out is lesser than 57.3 kJ. 


Solution 19. Molar heat capacity = at.wt. x specific heat. 
Molar heat capacity (in J mor! кт) of: 





--- . Д Lis) = 3.57 х 6.94 24.78 
2 Na(s) - 1.23 x 22.99 28.28 

e KS). == 0.756 x 39.10 = 29.56 

КЫ) = 0.363 x 85.47 = 31.03 

Cs(s) = 0.242 х 18291 = 32.16 


There is a trend plotting these values with atomic number, the 
extrapolation of graph gives the value of Fr(s) = 33.5 J moF* К! 


Solution 20. (0 АҢЫ” СНа= Hepy = MBI kJ mor! 
Also Н? for Српарћне and На) = 0 (standard state of elements) 
0 Cgupite + 2HX(g) ——> СНА) ; 

00 APP = АНо Нс, ovi 227 И = 29481 


Also AS? (for the reaction) = Seby, — белдік T -2xSh; 


= 18633- 5.70 15307 x2 
= 80.8 JK! molt! 

Using AG? = AHFFE-TAS° 
= 74.81 -2298 x [-80.8 х 107) 
= 50.73 kJ 


Solution 21. Let д amount of heat is produced during the course of reaction when 


0.562 р of graphite in a bomb calorimeter is burnt in excess of ©. This 
is condition of constant volumve (volume of bomb calorimeter 18 
constant) Thus heat produced (q,) is : 
Thus hy = ©; x АТ 
Where С, is heat capacity of calorimeter and its content, AT is change 
in temperature. The negative sign indicates for exothermic reaction. 
qy = -20.7 x 10° x 0.89 
= 18.42 x 10? J per 0.562 g carbon 
Amount of heat liberated during burning of 1 mole carbon 





1842 x 107 x 12 
0.562 
Thus heat is used to change the internal energy Еле. , АҒАав the conditions 
are of constant volume. 
Now AHFABE + АКТ 
Ак-1-1-40 2. AHI—ME-—398»x109J7 


= -3.93 x 1051 
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Solution 22. 11, 4 Bry => 2ИВг 


АН = Bond energy data for formation of bond + bond energy 
data for dissociation of bond 
= -[2 x eu. gi] + [ен-н + Capel 

=-2 x 368 + 435 + 192 =-109 kJ 

* Solution 23. AH = [Bond energy for dissociation of bond] + [Bond energy for 
formation of bond] 

= [4(C—H) + 1(CI—CI)] - [3(C—H) + 1(C—Cl) + 1(H—Cl)] 

* Bond energy of formation is always —ve. 
= €(C-H) + €(CI-CI) = €(C-Cl) = €(H-CI) -412-242- 338 - 431 
= -115 kJ mol 
Solution 24. “ 280 x 10° J heat is given by combustion of CO = 1 mole 


7 





7 J heat is given by combustion of CO - 


280 x 10? 
= 2.5 x 10? mole 
њи с 112 =Š 
Initial moles of air = 52400 -5х107 mole 


тй ъд ао” 
. % of CO initially шаг 2 х 100 = 5 
5x10 
Now in one inhaling by Sabu only half of the total air is taken out as 
during inhaling pressure drops to half because. 
Реп  (Vand T are constant) 
Pon 


P 
3 (n-a) 


where n moles of poisonous air are present in cave and a moles of 
poisonous air are inhaled by Sabu 
n 
a 


2 

(a) Thus half moles of poisonous air are given out and the pure air again 

makes the tatal mole и by diffusing in cave as pressure becomes 1 
atm. 
Thus 96 of CO in poisonous air is reduced by Уг in each inhaling or 
50% CO is taken out in one inhaling. Thus to reduce CO from 5% to 
0.001% 13 times inhaling is necessary by Sabu which gives 0.00061% 
CO in air. 

(b) Sabu has only 10 minutes time i.e., 600 sec in which he wastes 80 
second in thinking thus he is left only 520 sec in which he has to 
inhail and exhail 13 times or he should go for 40 sec for one inhaling 
and exhaling. 
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» Problem 1. 


» Problem 2. 


> Problem 3. 


> Problem 4. 


> РгоЫет 5. 


> Problem 6. 


> Problem 7. 


> РгоМет 8. 


NUMERICAL PHYSICAL CHEMISTRY 


Selected Problems with Solutions 





The heat of reaction for, 

Ci gH gg) + 1205 —> 10CO», + 48500) 
at constant volume is — 1228.2 kcal at 25?C. Calculate the heat of 
reaction at constant pressure at 25°С. ' 
The heat of reaction for № + 3H; ——9 2NH3 at 27°С is —91.94 kJ. 
What will be its value at 50°С? The molar heat capacities at constant 
P and 27°С for №, Н and NH3 are 28.45, 28.32 and 37.07 joule 
respectively. 


The heat evolved іп the conversion of 1 g-atom of f)-sulphur into 
a-sulphur is 82 cal at 25°C. If the specific heats of œ- and -sulphur are 
0.163 and 0.171 cal/g, calculate the heat of transition for f)-sulphur into 
a-sulphur at 50°C. 

Since their discovery in 1985, fullerenes have received the attention of 
many chemical researchers. In a recently reported data, the specific 
internal energy of combustion of crystalline Ceo is found to be —36 kJ 


g! at 298 K. Compute the standard enthalpy of combustion and 


formation for the same. Standard enthalpy of combustion of graphite is 


-395 kJ. тоГ'. If the standard enthalpy of formation of diamond is +2 
kJ рег mol of C-atom, which is more stable: Со or diamond? 


The heat evolved on combustion of 1 g starch (C6H1005)n into СО» and 
H20,y is 17.49 kJ g Compute the enthalpy of formation of 1 g starch. 
Given АН, of H200) = - 285.85 КҮ mol!, АН, of 
CO; = – 293.7 kJ mor !. 


Given below are some standard heats of reaction; 

(a) Heat of formation of water = —68.3 kcal 

(b) Heat of combustion of acetylene = -310.6 kcal 

(c) Heat of combustion of ethylene 2 —337.2 kcal 

Calculate the heat of reaction for the hydrogenation of acetylene at 
constant volume at 25?C. 


Calculate the heat of neutralization from the following data. 200 mL of 
1 M HCl is mixed with 400 mL of 0.5 M NaOH. The temperature rise 
in colorimeter was found to be 4.4°C. Water equivalent of calorimeter 
is 12 g and specific heat is 1 cal /mL /degree for solution. 

The enthalpies of neutralisation of a strong acid HA and weaker acid HB 
by NaOH are -13.7 and -12.7 kcal equivalent. When one equivalent of 
NaOH is added (о a mixture containing 1 equivalent of HA and HB, the 
enthalpy change was —13.5 kcal. In what ratio is the base distributed 
between HA and HB. 
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»- Problem 9. 


> Problem 10. 


> Problem 11. 


> Problem 12. 


> Problem 13. 


» Problem 14. 


Two solutions initially at 25°С were mixed in an insulated bottle. One 
contains 400 mL of 0.2 N weak monoprotic acid solution. The other 
contains 100 mL of 0.8 N NaOH solution. After mixing the temperature 
rises to 26-17°С. Calculate the heat of neutralisation of weak acid with 
NaOH. Assume density of final solution 1.0 g ст“ and specific heat of 
final solution 4.2 J g ! K !. 

A monobasic acid is dissociated to 2546 in 0.1 N solution. When 
100 mL of the acid is neutralised by 0.1 N KOH solution, heat evolved 
was 120 cal. Calculate heat of dissociation per mol of acid. 

The dissolution of 1 mole of NaOH) in 100 mole of H20y give rise 
to evolution of heat as -42.34 kJ. However if 1 mole of NaOH; is 
dissolved in 1000 mole of H20q the heat given out is 42.76 kJ. What 
would be enthalpy change when 900 mole of H2Oq are added to a 
solution containing 1 mole of NaOH) in 100 mole of H20. 


The integral enthalpy of solution in kJ of one mole of H2SO, dissolved 
in n mole of water is given by: 
ту. 15.6хп 
3537-0418 
Calculate AH for the following process: 
(a) 1 mole of H2SO, dissolved іп 2 mole of H20. 


(b) 1 mole of H2SO, dissolved іп 7 mole of Н2О. 
(c) 1 mole of H2SO, dissolved іп 5 mole of H20. 
(d) solution (a) dissolved in 5 mole of H20. 

(e) 1 mole of H2SO, dissolved in excess of H20. 





The heat of solution of NH4NO in water was determined by measuring 
the amount of electrical work needed to compensate for the cooling 
which would otherwise occur when the salt dissolves. After the 
NH4NO3; was added to the water, electrical energy was provided by 
passage of current through a resistance coil until the temperature of the 
solution reached the value it had prior to the addition of salt. In a typical 
experiment, 4.4 р of МН, МО, was added to 200 р water. A current of 
0.75 ampere was provided through the heater coil, and the voltage across 
the terminals was 6.0 V. The current was applied for 5.2 minute. 
Calculate AH for the solution of 1.0 mole NH4NO3 in enough water to 
give same concentration as was attained in the above experiment. 

An athelete takes 20 breaths per minute at room temperature. The air 
inhaled in cach breath is 200 mL which contains 20% oxygen by volume, 
while exhaled air contains 10% oxygen by volume. Assuming that all 
the oxygen consumed if used for converting. glucose into СО; and 
ILO, how much glucose will be burnt in the body in one hour and 
what i; the heat produced? (Room temperature = 27°C and enthalpy of 


combustion ol glucose is — 2822.5 К] mol ! at 090). 
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> Problem 15. 


> Problem 16. 


> Problem 17. 


> Problem 18. 


> Problem 19. 


> РгоМет 20. 


> РгоМет 21. 


> РгоМет 22. 


NUMERICAL PHYSICAL CHEMISTRY 


A slice of banana weighing 2.502 g was burnt in a bomb calorimeter 
producing a temperature rise of 3.05°C. The combustion of 0.316 g of 
benzoic acid in the same calorimeter produced a temperature rise of 
3.24°C. The heat of combustion of benzoic acid at constant volume is 
– 3227 КІ mol’. If average banana weigh 125 g, how many calories can 
be obtained from one average banana. 

A person inhales 640 g of Од per day. If all the О» is used for 
converting sugar into СО; and Н:О, how much sucrose 
(С12Н22О0 и) is consumed in the body in one day and what is the heat 


evolved? AHCombustion of sucrose = -5645 kJ mol |. 


The heat of formation of carbon dioxide from graphite at 15°С and 
constant volume is 97400 cal, and that of carbon monoxide under the 
same conditions is 25400 cal. What heat should be evolved when 100 
litre of carbon monoxide measured at N.T.P. is burnt in an excess of 
oxygen, both reactants and products being at 15°С? 
When 12.0 р of carbon reacted with oxygen to form CO and СО» ай 
25°С and constant pressure, 75.0 kcal of heat was liberated and по 
carbon remained. Calculate the mass of oxygen which reacted. 
АН? (CO2) --95 kcal moll, АН“ (СО) = –24 kcal mol”), 
The heat of combustion of ethane gas is 368 kcal/mol. Assuming that 
60% of the heat is useful, how many т. of ethane measured at STP must 
be burnt to supply enough heat to convert 50 kg of water at 10°C to 
steam at 100°C? Specific heat of water is 1 cal/g. Heat of vaporisation 
of H20 is 540 cal/g. 
The commercial production of water gas utilizes the reaction under 
standard conditions: С + Н,О(р) > H2 + CO. The heat required for 
this endothermic reaction may be supplied by adding a limited 
amount of air and burning some carbon to СО». How many g of 
carbon must be burnt to СО» to provide enough heat for the water 
gas conversion of 100 р carbon? Neglect all heat losses to the 
environment. Also AH}? of CO, Н2О(;) and СО; are -110.53, 
-241.81 and —393.51 kJ/mol respectively. 
From the following data of AH, of the following reactions, 

Се) +105 —9 СОБ; AH =-110 К] 

С) + 06) — СО») + Hyg: АН = 132 kJ 
Calculate the mole composition of the mixture of steam and oxygen on 
being passed over coke at 1273.K, keeping temperature constant. 
When 100 c.c. of a mixture of methane (CH4) and ethylene (C2H4) was 
exploded with an excess of oxygen, the volume of carbon dioxide 
produced (measured at the same temperature and pressure) was 160 c.c. 
Calculate the heat evolved when 22.4 litre of the mixture of methane 


THEHMOCHEMISTRY 761 


» Problem 23. 


» Problem 24. 


» Problem 25. 


» Problem 26. 


» Problem 27. 


» Problem 28. 


» Problem 29. 


and ethylene (measured at М.Т.Р.) is completely oxidised to carbon 
dioxide and water at constant volume. — — 

СН, + 20; = CO; + 2Н2О + 212000 cal., 

C2H4 + 302 = 220 + 2820 + 333000 cal. 
1.0 g magnesium atoms in vapour phase absorbs 50.0 kJ of energy to 


convert all Mg into Mg ions. The energy absorbed is needed for the 
following changes: 


Mge) — Ма te ; AH = 740 kJ тог! 
Ме) — Mga +e ; AH = 1450 kJ mor"! 


Find out the % of Mg* and Мр in final mixture. 

Calculate the enthalpy change when 6.80 р of NH3 is passed over heated 
CuO. The standard heat enthalpies of NH3(5, СиО(;) апа H20q аге 
—46.0, -155.0 and 285.0 kJ mor! respectively and the change is 
NH3 + CuO — №) + ?H50qy + Сие). 

1.00 litre sample of a mixture of СН4(р) and Оз р) measured at 25°C and 
740 torr was allowed to react at constant pressure in a calorimeter which 
together with its contents had a heat capacity of 1260 cal/K. The 
complete combustion of the methane (о СО» and Н2О caused a 
temperature rise in the calorimeter of 0.667 K. What was the mole per 
cent of CH4 in the original mixture? АН ль (CH4) = 215 kcal mol. 
The standard enthalpy of formation of FeO and Ее›О» is —65 kcal 
mol! and -197 kcal mol! respectively. A mixture of two oxides 
contains FeO and Fe203 in the mole ratio 2: 1. If by oxidation, it is 
changed into a 1: 2 mole ratio mixture, how much of thermal energy 
will be released per mol of initial mixture. 

When 120 mg of naphthalene СНз) was burnt in a bomb calorimeter, 
the temperature rise was 3.05 K. Calculate the calorimeter constant and 
molar standard internal energy change of combustion. Also report by 
how much. will the temperature rise when 100 mg of phenol, 
(С<Н5ОН() is burnt in the same calorimeter under the same conditions, 
if heat liberated is 3962.85 J. АНС for CygHg = -5157 kJ тог". 

The heat of dissociation of Н, is 435 kJ mol. If C —> Cy ; 
AH = 720 kJ mol !, calculate the bond energy per mol of the C—H bond 
іп CH4 molecule. AH; for CH4 = -75 kJ тоГ". 

The heat of combustion of acetylene is 312 kcal. If heat of formation of 
CO» and ЊО аге 94.38 and 68.38 kcal respectively. Calculate С=С 


bond energy. Given that heat of atomisation of C and H are 150.0 and 
51.5 kcal respectively and C — H bond energy is 93.64 kcal. 
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» Problem 30. 


> Problem 31. 
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Calculate the resonance energy of CgHg using Kekule formula for 
C6H¢ from the following data. 
(i) АН? for CeHg = - 358.5 kJ mol! 
(ii) Heat of atomisation of С = 716.8 kJ mol! 
(iii) Bond energy of C — Н, С—С, С = C and H — Н are 490, 340, 
620, 436.9 kJ mol"! respectively. 
The specific heat at constant volume for a gas 0.075 cal/g and at 
constant pressure is 0.125 cal/g. Calculate: 
(i) The molecular weight of gas, 
(ii) Atomicity of gas, 
(iii) No. of atoms of gas in its 1 mole. 





Answers 

1. -1229.392 kcal ; 2. -92.843 kJ ; 
3. 88.4 cal/g-atm ; 
4. AH}=+2220, АНФф--25.920 MJ mol !, Diamond is more stable ; 
5. -2.21 kJ ; 6. -41.104 kcal ; 
7. -13.464 kcal ; 8. 4:1; 
9. 30.71 КІ equivalent! ; 10.2266.6cal ; 
11. -042 kJ ; 
12. (а) 39.79 kJ, (Ы) 60.14 kJ, (с) 55.59 KJ, 

(d) 20.35 КЈ, (е) -7560 КЈ ; 
13. 25.45x10°J ; 14. 2925 р, 458.66 КІ; 
15. 93.97 kcal ; 16. 570 р, 9408.33 КІ; 
17. 321408 са! ; 18. 2749 р ; 
19. 3.196 m? 2 20. 33.36 g carbon ; 
21. ae : 22. 284.60 kcal ; 
23. Мр' = 68.28%, Мад = 31.72% ; 24. -596КЈ ; 
25. 9.75% ; 26. -13.4 kcal тог! ; 


АН -1585.14JK |, AE=-5152.0kJ тог!, AT=2.5K ; 
. 416.25 kJ mol! ; 
. –150.0 kJ mol! ; 


29. 160.86 kcal ; 


ЗІ. (i) 40, (ii) Gas is monoatomic, (iii) 6.023 x 1023 atoms. 
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Problems for Self Assessment 








1. The АН? for the mutarotation of glucose in aqueous solution, 
о-р-ріисоѕе „ау —9 В-Р- рисове (ад) 


has been measured in а microcalorimeter and found to be -1.16 kJ mol. The 
enthalpies of solution of the two forms of glucose have been determined to be, 


a-D-glucose;,. —> 0-Р-ріисоѕе ау ; AH? = 10.72 kJ mol! 

B-D-glucose, ——> B-D-glucose aq) : AH? = 4.68 kJ тог ! 
Calculate АН? for the miutarotation. of solid o-D-glucose to solid 
B-D-glucose. 


2. What mass of SO, must be evaporated to remove as much heat as evaporation of 
1.0 kg of CCI,F, needed. AH for vaporisation of SO, and CCL;F, are 6.0 kcal 


mol! and 17.4 kJ тог ! respectively. (At. wt. of F = 19) 

3. One mole of water at 373 K is converted into steam at a pressure of one atm, 40.68 
kJ of heat is absorbed. The molar volume of water and steam are 18 mL and 30600 
mL. Calculate AE for process. 

4. Both CH, and C,Hg can be used as fuels. Which of them is more efficient as а 
fuel? The heat of formation of CH Серу СО (ву and H0) are —17.9, —20.2, 


-94.0 and —57.8 kcal respectively. Also report the heat of combustion for both 
hydrocarbons. 


5. Тһе standard enthalpy of formation of fumarate ion is -777.4 kJ mol *. If the 
standard enthalpy change of the reaction given below is —131.4 kJ mol *, 
Ештагаге ке) + Hy.) —> Succinate) 
Calculate the standard enthalpy of formation of succinate ion. 


6. Assume that a human requires 2.5 x 10° kcal of energy each day for metabolic 

activity. What mass of ethanol be needed to provide this energy if. 

CoHs5OH 1) + 302) —> 2CO»(g; + 3H20(); АН = -1371 kJ 
If the human body is considered to be a closed system, what would be the 
temperature increase resulting from this energy intake? Assume a mass of 75 kg 
and specific heat of human. body 4 ТК. gl. If the body temperature is to be 
maintained at a constant value by the evaporation of water, what mass of water 
must evaporate? Assume heat of vaporisation of water is 44 kJ mol '. 

7. A person working in laboratory, takes 400 g grapes equivalent to 8200 kJ energy. 
Laboratory is air conditioned. Energy is not stored in body. Calculate what mass 
of water is to be prespired if temperature of body is maintained constant? Heat of 
vaporisation of water is 44 kJ/mol. 

8. Acouple sitting in a warm room on a winter day takes 1/2 kg of cheese sandwitches 
(an energy intake of 8130 kJ for both). Supposing that none of the energy is stored 
in body, what mass of water would they need to perspire in order to maintain their 


original temperature? The enthalpy of vaporisation of water is 40.65 kJ mol 5. 
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15. 
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А cylinder of gas supplied by a company contains 14 kg of butane. The heat of 
combustion of butane is 2658 kJ mol". A normal family requires 20 MJ of energy 
per day for cooking. If the cylinder lasts for 26 days, what percentage of gas is 
wasted due to insufficient combustion. 
The following reactions might be used to power rockets, 

() Hyg + 50s = 8206) 

(1) СИОН) + 05 = СОз ау + 290, 
(1) Hyg) + Fag) = 2HF (gy 
Given, АНТ for Н,О(,, СНҘОН(), СО „у and НЕ») is -285.8, -238.7, -393.5 


and —271.1 kJ mol! respectively. 

(a) Calculate the enthalpy changes at 25°C for each of these reactions per kilogram 
of reactants. 

(b) Since the thrust is greater when the molar mass of the exhaust gas is lower, 
divide the heat per kilogram by the molar mass of the product (or the average 
molar mass in the case of reaction 2) and arrange the above reactions in order 
of effectiveness on the basis of thrust. 

Find out the heat change during the reaction: 

CaCl, + 2Na——> 2NaCl + Ca; АН-2 
Given heat of formation of CaCl, and NaCl аге 191 and 97.7 calorie respectively. 


Calculate the standard heat of formation of sodium ions in aqueous solution from 
the following data: 
Heat of formation of NaOH aq) at 25°C --470.7 kJ 


Heat of formation of OF fag) at 25°C = –228.8 kJ. 


The reaction of heated graphite with superheated steam is endothermic 


Cigraphitey + H2O(g) = CO ig) + Нәср) ssl) 
The heat required for this reaction is provided by burning part of the graphite; 
Cigraphite) + O2(g) = СОжру; AH? (500 К) --393.7 kJ mol! .. .(2) 


If 1.34 mole of graphite is required for the production of one mole of hydrogen at 
500 K, what is AH? (500 K) for reaction (1)? 


Oxidation of МН; to HNO; involves the initial step: 
7 3 
NH3(g) + 702) —9 NO» + 5 H20g) 
АН NH, -46.11 kJ mor! 
АН? МО, = 33.18 kJ mor! 


AH? Н,О,)--241.818 kJ тог” 
Calculate the enthalpy change per g of МН, oxidised. 


When 100 g of anhydrous CuSO, is dissolved in water, the heat evolved is 9.1 
kcal. If the same amount of Си50,-5Н,О is dissolved in water, the amount of heat 


! 
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20. 


21. 


22. 


23. 


6. 


absorbed is 1.06 kcal. Calculate the heat of hydration of 1 mole CuSO, into 
CuSO, 5Н,0. 


For dissolution of NaOH, іп H5O, the heat released are given as: 


NaOH(s) + nH20q) шижин”, NaOH aq) 3 АН-? 
(а) п = 100 ; АН = 42.34 КІ 
(b) n = 1000 : AH --42.76 kJ 


Calculate the enthalpy change when 900 mole of water is added to 1 mole NaOH 
solution in 100 mole Н,О solution. 


A solution of 5 р of haemoglobin (Mol. wt. = 64000) in 100 cc-of solution shows 
a temperature rise of 0.031?C for complete oxygenation. Each mole of haemoglobin 


binds 4 mole of oxygen. If the heat capacity of the solution is 4.18 IK! cm 2, 


calculate AH per g mole of oxygen bound. 


Calculate the H—F bond energy in HF at 25?C. Given that heat of formation of 
HF, Н atoms and Е atoms are —64.2, +52.1 and +18.9 kcal respectively. 


The heat of formation of М and Н atoms are 218 kJ тог! and 470.65 kJ mol ". 
Calculate bond energy of N—H bond if heat of formation of NH, is -46.0 kJ 
mol !. 

In acid solution, the —CHO group undergoes hydration to form gemdiol 


1 
HO—C-- -OH, which is unstable and cannot be isolated. Given the bond 
1 


Н 


energies > С = O : 749 kJ тог !, О—Н: 464 kJ тоГ!, C—O: 360 kJ mot !', 
determine whether gemdiol formation is thermodynamically favoured. 


Calculate the calorific value, expressed in therms per 1000 cubic feet, of à gaseous 
fuel of the percentage molar composition: H5, 30; CO, 20 ; СН,, 40 ; No, 10, using 
the following data: 
Н, +10; = H5O + 68400 cal., 
CH, + 20, = CO, + 2H40 + 212000 cal., 
CO + 50, = СО, + 68000 cal. 


(1 cubic foot = 28.32 litres ; 1 therm = 2.52 x 107 cal.] 
One litre sample of a mixture of methane gas and О, measured at 25?C and 740 


torr, was allowed to react at constant pressure in a calorimeter which together with 
its content had a heat capacity of 1260 cal/degree. The complete combustion of 
methane to СО, and H,O caused temperature rise in calorimeter of 0.667 К. What 


was the percentage of CH, in original mixture? Given AH Combustion Of CH, is 
-210.8 kcal то". 


3.5 g of a fuel (with molecular weight 28), was burnt in a calorimeter and raised 
the temperature of 1 g water from 25?C to 67.3?C. If all the heat generated was 
used in heating water, calculate heat of combustion of fuel. 
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Only gases remains alter 15.5 g of carbon is treated with 25.0 litre of air at 25°C 
and 5.50 atm pressure (Assume 19% by volume О,, 80% №, and 1% СО,). 


Determine the heat evolved under constant pressure if АН; for CO and CO, аге 

-26.41 and —94.05 kcal/mol. 

Calculate resonance energy of benzene assuming Kekule formula from the 

following: 

(a) AH?r for СНС = - 85.77 kcal 

(b) Heat of atomization of carbon is 171.48 kcal тог". 

(c) Bond energy of C — Н, С—С, С =C апі Н — Н are 117.23, 81.34, 148.33 
and 104.52 kcal тог ! respectively. 

From the following bond energy (e) and standard AH? values for the formation of 

elements in gaseous state, calculate. the standard heat of formation of acetone: 


ес_с= 334.7 kJ T АН? for Hg) = 217.9 kJ 
ес_н=414.3 К] i AH" for Об) = 247.5 КІ 
ec— o7 338.9 kJ : АН? for Сб) = 718.3 kJ 
Calculate resonance energy for CO, from the following: 
ёс--о 339 kJ 
ёо--0 498 kJ 
С) —3À С) 718 kJ 


Heat of combustion of carbon = —393 К] 
For the reduction of ferric oxide by hydrogen, 
Fe,04,) + ЗН, р —2À2Feq + 3H504; ; ‚АН = -35.1 kJ 
The reaction was found to be too exothermic to be convenient. It is desirable that 
АН” should. be at most —26 kJ. At what temperature it is possible. 


Ср Fe,O, = 104.5, Ср Fe(s) - 25.5, Ср H,O() - 75.3, 


Сын, 289 (АП in УтоГ! ) 


2(g 


Se — » 
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——— —— Апомег$ 


1. ARR kJ тог! ; 2. 36695g ; 

№ WOOL ; 

A. ЛИ аиа СНА = 7191.7 kcal, AH combustion C2H6 = —341.2 kcal, 
, CHA is better fuel; 


& FORK KE mol! ; 6. 350g, 003К, 4275 g ; 
ткр; 8. 36 kg ; 

9 IN 958 

10: (и) 154, 79, -13.6 MJ kg !, (b) (i) > (iii) > (ii); 

I + ки! , 12. -2419 К7 ; 

S 13386: I mol! ; 14. —16.672 kJ е! ; 

15:-1/ Ка; 16. -0.42 К]; 

ИНК ; 18. · +135.2 kcal ; 


19. “оі; 


20. The reaction is endothermic to ап extent of +29 kJ mol !, Not favoured ; 


21. 5,905 therms per cubic foot. ; 22. 10% ; 

23, КА cal; 24. -91.2 kcal ; 
15, 1562 Ком mol! ; 26. 215.7 kJ ; 
27, OMAJ ; 28. 404.18 K. 








Crystallography 


Chapter at a Glance 


1. Elements of symmetry in cubic crystals 
Plane of symmetry 2346-9 
Axis of symmetry =3+4+6= 13 
Centre of symmetry = 1 
Total elements of symmetry = 9 + 13 + 1 = 23 
2. Atomic radius 


(a) In s.c. structure, radius of atom = a/2 
(b) In f.c.c. structure, radius of atom =а/ (2/2) 
(с) In b.c.c. structure, radius of atom = (УЗа )/4 


3. Number of atoms per unit cell 
(a) In s.c. structure : one atom per unit cell 
(Б). In f.c.c. structure : 3 face centred atom and one corner atom; In all four atoms 
per unit cell. 
(c) In b.c.c. structure : 1 body centred atom and one corner atom; In all two atoms 
per unit cell. 
4. Co-ordination number 


(a) In s.c. structure : Co-ordination number is six. 
(b) In Ғ.с.с. structure : Co-ordination number is twelve. 
(c) In b.c.c. structure : Co-ordination number is eight. 


Un 


. Density of lattice matter 


n X at. wt. 
Av. No. x Volume of unit cell 
(n is number of atoms per unit cell) 





Density of lattice matter — 


~ 


Packing density 


Volume of atom in unit cell 
Volume of unit cell 

(a) In s.c. structure : Packing density = 0.52 

(b) In f.c.c. structure : Packing density = 0.74 

(c) In b.c.c. structure : Packing density 2 0.68 





Packing density = 
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7. Dimensions of unit cell 


31 
(а) Іп s.c. structure: аж М 1х4. р 


31 Аха 
V Av. No. х p 
| 2xA 
У Ау. No. x p 
where a is сіре length of unit cell; A is at. wt. and p is density of unit cell. 


(b) In f.c.c. structure: а= 


(c) In b.c.c. structure : аз 


8. lonic radii 
ге + ra-a/2 (for f.c.c. structure) 
re + га = (УЗа)/2 (for b.c.c. structure) 











| 
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> Problem 1. 


» Problem 2. 


> Problem 3. 


» Problem 4. 


»- Problem 5. 


> Problem 6. 


» Problem 7. 


» Problem 8. 


» Problem 9. 


» Problem 10. 


> Problem 11. 


» Problem 12. 


»- Problem 13. 


»- Problem 14. 


NUMEHICAL PHYSICAL CHEMISTRY 


The Basic Problems with Solution 


Calculate the number (л) of atoms contained within (a) cubic cell, 
(b) a body centred cubic cell, (c) a face centred cubic cell. 

A compound formed by elements А and В crystallizes in cubic structure 
where А atoms are at the corners of a cube and В atoms are at the face 
centre. What is the formula of the compound? 

At room temperature, sodium crystallizes in a body centred cubic lattice 
with a — 4.24 À. Calculate theoretical density of sodium (At. wt. of 
Na = 23). 

Sodium metal crystallizes in a body centred cubic lattice with the cell 
edge а = 4.29 А. What is the radius of sodium atom? 

Silver crystallizes in f.c.c. lattice. If edge length of the cell is 
4.077 x 10-8 cm and density is 10.5 g саг”, calculate the atomic mass 
of silver. 

Niobium crystallizes in body centred cubic structure. If density is 8.55 
g cm”, calculate atomic radius ofniobium using its atomic mass 92.90. 
Copper crystallizes into а f.c.c. lattice with edge length 3.61 х 1077 
cm. Show that the calculated density is in agreement with its measured 
value of 8.92 g cm”. 

Formula mass of NaCl is 58.45 g mol -l and density of its pure form is 
2.167 g стг. The average distance between adjacent sodium and 
chloride ions in the crystal is 2.814 x 107% cm. Calculate Avogadro 
constant. 

Analysis shows that nickel oxide has formula Nig ово) оо. What 
fractions of the nickel exist as Ni 2* and Ni ?* ions? 

Aluminium crystallizes in a cubic close-packed structure. Its metallic 
radius is 125 pm. 

(a) What is the length of the side of the unit cell? 

(b) How many unit cells are there in 1.00 cm? of aluminium? 


Gold (atomic radius = 0.144 nm) crystallizes in a face centred unit 
cell. What is the length of a side of the cell? 

Thallium chloride, TICI crystallizes in either a simple cubic lattice or 
а face centred cubic lattice of СГ ions with ТІ” ions in-the holes. If 
the density of the solid is 9.00 g стг and edge of the unit cell is 
3.85 x 107 cm, what is the unit cell geometry? 

А solid АВ has the NaCl structure. If the radius of the cation is 
100 pm, what is the radius of the anion В? 

The radius of Cs' ion in 160 pm while the radius of Cl” ion is 181 pm. 
Suggest the co-ordination of cesium in CsCl. 
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> Problem 15. Il the radius of the octahedral void is r and radius of the atoms in 
close packing is R, derive relation between ғ and А. 

» Problem 16. The first order diffraction of X-rays from a certain set of crystal planes 
occurs at an angle of 11.8? from the planes. If the planes are 0.281 nm 
apart, what is the wavelength of X-rays? 

8 > Problem 17. Under what conditions, the Bragg’s equation will fail to define a 
crystal. 








« 
Answers 
1. 00], (b) 2, (04; 2. АБУ; 
3, 1.002 р ст 3; 4. 18544; 
& 10715; 6. 143х107 ст, 
7. 897у/ам": 8. 606х102, 
9. Ni' 96%, МІЗ" =4%; 10. 225x 107? unit cell ; 
11. 0.4107 nm; 12. Cubic cell ; 
13. 241.55 to 136.61 рт: 14. 8; 
* 15. r 0414х А; 16. 0.1149 рт; 


17. See solution. 
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Solution 


Solution 1. (a) The cubic unit cell has 8 atoms at eight corners. Each atom is shared by 
8 unit cells. 





I 
п=$Х ай 


(b) The body centred cubic cell consists of 8 atoms at the corners and one 


1 
atom at centre. п = (a1) +1=2 
\ 8 


(c) The face centred cubic unit cell consists of 8 atoms at the eight 
corners and one atom at each ofthe six faces. This atom at the face is 
shared by two unit cells. 


1 1 
n-28x ї (62) = 4 


Solution 2. А atoms аге at eight corners of the cube. 


8 
Therefore, the number of А atoms in the unit cell = 8 -1 


B atoms are at the face centre of six faces 


6 
Therefore, its share in the unit cell = x = 3 
The formula is АВ, 


Solution 3. А body centred cubic unit cell contains 8 atoms at the 8 corners and one 





in the centre. 


1 
2. Total number of atoms per unit cell (и) -8х $ +1=2 


nx at. wt. 
Density = а 
Av.No. x a 
2x23 -2 
= = 100 g ст 
6.023 x 107 x (424 Х 10") 
: : 2 3 
Solution 4. Radius of Na (if b.c.c. lattice) = зм 


“с. 
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Solution 5. 





Solution 6. 


Solution 7, 


Solution 8. 





Edge length (а) © 4.077 х 10 ^ em 
2. Volume of unit cell (47): (4.077 x 10:5? = 67.77 x 1072" cm? 
In a Ёс.с. unit cell there are four atoms per unit cell (7.e., n = 4) 
Density x Av.No. x Volume of unit cell 


Atomic mass of Ag = 5 


_ 10.5х 6.023 x 10? x 67.77 х 10725 
4 
= 107.15 


Density x 6.023х 1023 х Volume 
n 
Forb.c.c, и = 2, Atomic mass of Nb = 92.90 


Atomic mass of Nb = 


8,55х6.023х102хИ 


92.90 = 2 
E V =3.6х 10723 ст" 
Now, V=a 


а = 46x 10°) 3.3 x 10-8 ст 
For b.c.c. structure r= х. = 1.43 х 10? ст 


Density х Ау. №. x Volume of unit cell 
n 


Atomic mass = 


n — 4 (for f.c.c.) 
6355x4 
6.023x 10? x (3.61x 1075)? 
3 


Пе calculated value 8.97 g/cm? is closer to given value 8.92 g/cm’. 


Density = = 8.97 g/cm? 


Denies Formuia mass x n 
Av. No. x Volume 
n = 4 (for f.c.c.), d = 2.167 g/cm’, formula mass = 58.45 g/mol 
l'or f.c.c. structure of NaCl, edge length = 2(r* + г) 
=2 х 2,814 х 107° = 5.628 x 10% 
Volume2 а? = (5.628 x 10:3 = 1.78 x 10722 em? 
5845х4 


Ау. Мо. х178х 1072 
Av. №. = 6.06 x 1023 


2.167 = 
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Let Ni^* be a and Ni” be (1 – a), the average oxidation no. of Ni. 





ENTE Er 
аха Ча) uas 
а = 0.959 


М" = 0.959, МИЎ = 0.041 
The percentage of МР" is 95.9% = 96% and that of Ni** = 4% 


- 5 edge length 
Solution 10. — For £c.c. structure, radius of atom = Ya punt 


edge length = 125 x 2 J/2 =354 pm 
Volume of unit cell = а? = (354 x 10723? 
= 4436 x 107? т? 
= 4436 x 107 ст? 
1 


4.436 x 10-23 
= 2.25 х 1077 unit cell 


No. of unit cell in 1 ст’ = 


| edge length 
Solution 11. For f.c.c. structure, radius of atom = шата 7 
2 





ейре length = 2/2 хү-242 х 0.144 
= 0.407 пт. 


Formula mass x n 
Ам. No. x Volume 
240xn 
9 = 6023x102 x (385x 10-8) 


n = 1.288 
"hus: TICI is a cubic cell. 


Solution 12. Density = 





+ 


Solution 13. NaCl has octahedral arrangement and thus - = 0.414 to 0.732 


, 
If ғ = 100 pm, 
М А 100 
и r = 0414 to 0.732 


= 241.55 to 136.61 pm 


ште 


CRYSTALOGHAPHY 


Solution 14. 


Solution 15. 


Solution 16. 


Radius of Cs’ 100 рт 
Radius of CI = 181 pm 


4 p rt 160 pm 
Radius ratio —- = 
ү 





181 pm = 0.884 
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The radius ratio is greater than 0.732 and therefore the co-ordination 


number of cesium in CsCl is 8. 


Consider an octahedral void (fig.) represented 
by the shaded portion 


(the spheres present below and above the void 
are not shown). Now suppose the length of the 
each arm of the square will be 2R (R is radius 
of atom). Let r be the radius of void. For right 
angle triangle ABC. 





AC = (АВ)? + (ВСУ1-4((25)/ + (2R] = J8R 


Also, AC =R+R+ 2r=2r+2R=2(r + R) 
or 488 = 242R =2(r+R) 
or r= J2R-R 


MA [2-1 = 0.414 x В 
ил = га sin Ө 
Given: п= 1, 2= 0281 x 10? m, Ө= 11.8° 


Te 2х0281х107 xsin 11.8 
| 
=2 х 0.281 x 10? x 0.2044 = 0.1149 nm 


Solution 17. According to Bragg's equation : nA = 2d sin Ө 


MOS n 
sın m" 


Thus, if 24 < ni, then sin Ө > 1 which is not possible. 
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» Problem 1. 


» Problem 2. 


» Problem 3. 


» Problem 4. 


» Problem 5. 


» Problem 6. 


» Problem 7. 


» Problem 8. 


» Problem 9. 


» Problem 10. 


» Problem 11. 


NUMERICA). PHYSICAL CHEMISTRY 


Selected Problems with Solutions 





Calculate the number (п) of atoms contained with: 
(a) cubic cell, 

(b) a body-centred cubic cell, 

(c) a face-centred cubic cell. 


A body centred cubic lattice is composed of anions Q and cations P, 
where ions Q occupy the corners and ions P occupy the centre. 

(i) What is the formula of the compound? 

(ii) What is the co-ordination number of P and Q? 


A compound formed by elements A and B crystallizes in cubic structure 
where A atoms are at the corners of a cube and B atoms are at the face 
centre. What is the formula of the compound? 
Calculate the co-ordination number of an atom in, 

(i) A primitive cubic unit cell, 

(ii) A body-centred cubic unit cell, 
(iii) A face-centred cubic unit cell. 
In aclose packed structure of an ionic compound anions B form the close 
packed lattice and the cations A occupy octahedral voids. Predict the 
formula of the compound. 
In corrundum, oxide ions are arranged in h.c.p. array and the aluminium 
ions occupy two-thirds of octahedral voids. What is the formula of 
corrundum? 
A solid between A and B has the following arrangement of atoms: 


(i) Atoms A are arranged in c.c.p. array. 
(ii) Atoms B occupy all the octahedral voids and half the tetrahedral 
voids. What is the formula of the compound? 


In a close packed structure of mixed oxides, the lattice is composed of 
oxide ions, one eighth of tetrahedral voids are occupied by divalent 
cations while one half of octahedral voids are occupied by trivalent 
cations. What is the formula of the oxide? 

In a crystal of an ionic compound, the anions B form a close packed 
lattice and the cations A occupy one half of the tetrahedral voids. What 
is the formula of the compound? 

Ina crystal of an ionic compound the ions B form the close packed lattice 
and the ions A occupy all the tetrahedral voids. What is the formula of 
the compound? 

A closed packed structure of uniform spheres has the cell edge = 0.8 
mm. Calculate the radius of molecule if it has: 

(a) simple cubic lattice, 

(b) b.c.c. lattice, 

(c) f.c.c. lattice. 
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»- Problem 12. 


> Problem 13. 


> Problem 14. 


> Problem 15. 


> Problem 16. 


»- Problem 17. 


> Problem 18. 


> Problem 19. 


> Problem 20. 


» Problem 21. 


» Problem 22. 


An ionic solid A’ B^ crystallizes as а body centred cubic structure. The 
distance between cation and anion in the lattice is 338 pm. Calculate the 
edge length of the unit cell. 

The edge length of a body centred cubic unit cell is 390 pm. If the radius 
of the cation is 150 pm, what is the radius of the anion? 

The edge length of a face centred cubic unit cell is 508 pm. If the radius 
of the anion is 144 pm, what is the radius of the cation? 

The unit cell cube length for LiCl (NaCI structure) is 14 A. Assuming 
anion-anion contact, calculate the ionic radius for chloride ion. 

The length of the unit cell edge of a body-centred cubic metal crystal is 
352 pm. Calculate the radius of an atom of the metal. 


Body diagonal 


ми 





Cessium bromide crystallizes in the cubic system. Its unit cell has а 
Cs* ion at the body centre and a Br ion at each corner. Its density is 4.44 
g cm ^. Determine the length of the unit cell edge. 

Calculate the value of Avogadro number from the internuclear distance 
of adjacent ions in NaCl, 0.282 nm and the density of solid NaCl is 
2.17 x 103 kg/m’. A unit cell contains 4 NaCl formula units. 

Gold has a close-packed structure which can be viewed as spheres 
occupying 0.74 of the total volume. If the density of gold is 19.3 g/cc, 
calculate the apparent radius of a gold ion in the solid. 

Lithium borohydride crystallizes in an orthorhombic system with 4 
molecule per unit cell. The unit cell dimensions are 
a=6.8A,b=4.4 À and c = 72 А. If the molar mass is 21.76, calculate 
density of crystal. 

An clement crystallizes as body centred cubic lattice. Its density is 
7.12 р cm 3 and the length of the side of the unit cell is 2.88 À. Calculate 
the number of atoms present is 288 g of the element. 

A compound CuCl has face-centred cubic structure. Its density is 3.4 g 


| : е 5 
си. What is the length of unit cell? 
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> Problem 23. 


> Problem 24. 


> Problem 25. 


» Problem 26. 


> Problem 27. 


» Problem 28. 


» Problem 29. 


» Problem 30. 


» Problem 31. 


» Problem 32. 


» Problem 33. 


> Problem 34. 


NUMERICAL PHYSICAL CHEMISTRY 


The density of KCI is 1.9893 в си” and the length of a side unit cell 
is 6.29082 A as determined by X-ray diffraction. Calculate the value ol 
Avogadro’s number. 

A f.c.c. element (atomic mass = 60) has a cell edge of 400 pm. What is 
its density? 

Potassium fluoride (KF) has NaCl structure. Its density is 2.48 g cm 
and its molar mass is 58 g mol !. Compute the distance between K* 
and F ions in KF. 


At room temperature, sodium crystallizes in a body centred cubic lattice 
with a=4.24A. Calculate theoretical density of sodium 
(At wt. of Na = 23). 

Use the following data to calculate Avogadro's number (N). Density of 
NaCl = 2.165 g cm ^. Distance between Ма" and СГ in NaCl = 281 pm. 
An element crystallizes into a structure which may be described by a 
cubic type of unit cell having one atom on each corner of the cube and 
two atoms on one of its diagonals. If the volume of this unit cell is 


24 x 107^ ст? and density of element is 72 g cm”. Calculate the 
number of atoms present in 200 g of element. 

The density of solid argon is 1.65 g/mL at — 233°C. If the argon atom 
is assumed to be sphere of radius 1.54 x 1075 cm, what percentage of 
solid argon is apparently empty space? (At. wt. of Ar = 40). 

In a compound AB, the ionic radii A* and B^ are 88 pm and 200 pm 
respectively. What is the co-ordination number of A‘? 

Calculate the concentration of cation vacancies if NaCl is doped with 
1073 mole % of SrCh. 

In the cubic crystal of CsCl (d = 3.97 в cm 5) the eight corners are occupied 
by СГ with a Cs* at the centre and vice-versa. Calculate the distance 


between the neighbouring Cs* and СГ ions. What is the radius ratio of 
the two ions? [At. wt. of Cs = 132.92 and Cl = 35.45] 


Calculate the wavelength of X-rays which produces a diffraction angle 
2 0 equal to 16.80? for a crystal. Assume first order diffraction with inter 
particle distance in crystal of 0.2 nm. 

The angle of diffraction 20 for a first order nature was found to be 
2798” using X rays of wavelength 2.29 A. Calculate the distance between 
two diffracted planes. 


m" 
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· (a) !, (b) 2, (с) 4 


Answers 
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2. (i) PQ, (i) P=8, Q=8 ; 


AB, ; 4. (i) 6, (ii) 8. (iii) 12; 
АВ ; 6. АБОЗ ; 

AB; 8. AB504 $ 

АВ; 10. АВ; 

. (a) 0.4 аш, (b) 0.3464 mm, (с) 0.2828 mm ; 

. 390.3 pm ; 13. 187.7 pm ; 

. Порт ; 15. 1.815 А; 

. 1524 pm ; 17. 430A ; 

. 601x10” ; 19. 1.439 x 1075 ст; 
E 0.6709 ғ cm ^ ; 21. 3.39 x 10% ; 

. 5783 А; 23. 6017 х 103 ; 

. 6.23 вет? ; 25. 268.7 ; 

. 1.002 g cm” ; 27. 6.089 х 1023 тог! ; 
. 3.4722 x 1074 atoms ; 29. 62% ; 

. Six ; 31. 6.02 х 105, 

. 0.73 ; 33. 584x l0 И m ; 

. 4.88 x 10779 m. 


ww 
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—— — Problems for Self Assessment 





А cubic solid is made up of two elements A and B. Atoms B are at the corners of 
the cube and A at the body centre. What is the formula of compound? 


A compound alloy of gold and copper crystallizes in a cubic lattice in which the 
gold atom occupy the lattice points at the corners of a cube and the copper atoms 
occupy the centres of each of the cube faces. What is the formula of this compound? 


Calculate the density of diamond from the fact that it has face-centred cubic 
structure with two atoms per lattice point and a unit cell of edge of 3.569 A. 


A compound formed by element X and Y crystallizes in the cubic structure where 
X 18 at the corners of a cube and Y are at the face centre. What is the formula of 
compound? If side length is 5 À, estimate the density of the solid assuming at. wt. 
of X and Y as 60 and 90 respectively. 


If the density of crystalline CsCl is 3.988 g/cm’, calculate the volume effectively 
occupied by a single CsCl ion pair in the crystal. 


А зона AB has the NaCl structure. If the radius of the cation А“ is 120 pm, 
calculate the maximum possible value of the radius of the anion В. 


Tungsten has a body-centred cubic lattice and each lattice point is occupied by one 
atom. Calculate the radius of metallic tungsten if density of tungsten is 19.30 


g cm and at. wt. is 183.9. 

The density of CaF, is 3.18 р cm *at 20°C. Calculate the dimensions of a unit 
cube of the substance containing four Ca?* and eight Е ions. 

Sodium crystallizes in b.c.c. lattice of side length 4.30 À. How many atoms are 
present in a unit lattice? What is density of the metal? At. wt. of Na —23. 

The diffraction of barium with X-ray of wavelength 2.29 À gives a first order 
diffraction at 30°. Calculate the distance between diffracted planes. 


е млы н 


АВ ; 2. АиСиз ; 

3.509 g cm 3 : 4. ХҮ}, 4.38 g ст ^ : 
. 7.014х 10-23 ст ; 6. 290 pm ; 

137 À ; 8. 546À ; 
. 2, 096 gem? ; 10. 4.42 À. 





Conductances of Solution 


Chapter at a Glance 


Resistance (К) : 
R= ==> К 18 ехргеззед т ойт 


Conductance of Solution (С): 


gie 5 ; С 15 ехргеѕѕей Іп оһт”!, Mho, Іп SI unit Siemens (S) 


Cull Constant : 


l 
Cell constant = — ; 
a 


118 distance of separation of electrodes in cm or m 


2 


z = 5. 22, ` = 
а is area of cross-section of electrodes in ст“ ог m^ unit of cell constant is 


em | or m7! 
Conductivity of Solution (к): 
к = Cx Д 
а 
I quivalent Conductivity (А) : 
А = кх 100 (Kis $ стт“. N in eq. / litre) 
А = Kx (XinSm'!,N in eq./m) 
і 


À is expressed іп $ ст" ед! ог $ m^ eq'! 
Molar Conductivity (A) : 


A = кх 22 (Kin Scm |, M is mole/litre) 
Кек (Kin Sm”! ,M is mole/m)) 


: ЗЭС э 2 5 = 
A is expressed in S ст“ mole?! or Sm? mole”! 


linportant Conversion : 


IS m` mole ! = 10 S em? mole"! 
| Sem? mole | 10 “$ те тоје“! 
ЕЧ 102 sm! 


Sm! 10 Sem! 
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Infinite dilution : 
All electrolytes are 100% ionised at infinite dilution. 
For weak electrolytes : 


Degree of dissociation = x 
Where А, апа А, are equivalent conductivities at dilution v and еб respectively 
Also A, = A, ( For monovalent electrolyte) 
À, = А. (at infinite dilution) 
А, 
Thus а = kK 


А. may also be represented as A9 where zero signifies for zero concentration i.e., 


infinite dilution. 
The dissociation of weak electrolytes is given by : 


Where К is dissociation constant and 04 is degree of dissociation at conc. c. 


Kohlrausch law : 


20 24 SF 2. 08430... 
^ electrolyte "cation ^ --anion 


Where Ас and № are ionic equivalent conducatances of cation and anion 
at infinite dilution respectively at infinite dilution expressed in 
ohm! cm? eq !. 
Thus, А ас = А, + Хр 
o _ 1,0 1-9 
Baci, = 5 Ава? СЕ 
Foa Da 
у „есе 2 
Ас, = S AAS + ir 


3 
л и» 
AL(SO), ~ 3 "АГ 2 “50; 
1 


п 


Thus, in general №0 = . Ae + Ао ` 
Where n* and и are charge on each ion furnished by electrolyte 


For molar conducatance (A) at infinite dilution 
0 23) n 
Лвась, = Ава?* + 2Àcr 
озер 0 ~ 10 
A, =r А + г А 
Where r* and ғ are the numbers of +ve and —ve ions furnished by one 
molecule of electrolyte. 
О аи 
Ху = u, x Faraday 
19 


ü ü Jae “зз " А . : 
Where и, and i are ionic mobilities of cations and anions respectively, 


ux Faraday 


~ 
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Transport no. of cations and anions in an electrolyte : 
sth ГАЙ _ Current carried by an ion 
юп Total current carried by both the ions 
Current carried by cation 





or 1 


cation Current carried by anion and cation both 

: = Current carried by anion 

anion Current carried by anion and cation both 
Їсайоп + fanion — 1 


Current carried by an ion œ speed or ionic mobility of that ion 











=н 
и, 
„= 5 
жаал 
и 
а 
a “= пио +u 
с а 
At infinite dilution 
9 
ч 
c 
Also 2 = “зү? 20 
He + Hs 
0 
Bis Ha 
а (0,2-0 
ис + из 
^ ü _ 50 
Also г X electrolyte zs № 
0 0 ER ov. 
and ых ИЕ xx № 
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> Problem 1. 


> Problem 2. 


> Problem 3. 


> Problem 4. 


» Problem 5. 


» Problem 6. 


» Problem 7. 


> Problem 8. 


* Problem 9. 


» Problem 10. 


NUMERICAL PHYSICA. CHEMISTRY 





The Basic Problems with Solution 


The conductivity of 0.02N solution of a cell of KCl at 25°C is 
2.765 x 1077 S ст". If the resistance of a cell containing this solution 
is 400 ohm, find out cell constant. 

The resistance of a decinormal solution of a salt occupying a volume 


between two Platinum electrodes 1.80 cm apart and 5.4 ст in area was 
found to be 30 ohm. Calculate the conductivity and equivalent conduc- 
tivity of solution. 


The resistance of a 0.02 М solution of an electrolyte MgCl; was found 
to be 210 ohm at 298 K using a conductivity cell with a cell constant of 


0.88 cm !. Calculate conductivity and equivalent conductivity and mole- 
cular conductivity of solution. 


The electrical resistance of a column of 0.05 M NaOH solution of 


diameter 1 cm and length 50 cm is 5.55 x 10° ohm. Calculate its 
conductance, resistivity, conductivity and molar conductivity. 


Resistance of a conductivity cell filled with 0.1 М КС! solution is 100 
Q. If the resistance of the same cell when filled with 0.02 M KCI solution 
is 520 Q. Calculate the conductivity and molar conductivity of 0.02 M 
KCI solution. [Given conductivity of 0.1M КС is 1.29 Sin] 

The resistance of a solution 'A' is 50 ohm and that of solution '8' is 150 
ohm, both solutions being taken in the same conductivity cell. If equal 
volumes of solution A and B are mixed, what will be the resistance of 
the mixture using the same cell? (Assume that there is no increase in the 
degree of dissociation of A and B on mixing). 

A? for NaCl. НСІ and NaAc are 126.4, 425.9 and 91.0 $ cm? тог ! 
respectively. Calculate A for HAc. 

Calculate equivalent and molar conductivities at infinite dilute for 
CaCl; using the data given below : 

A for Са?" = 119.0 S cm? тој“! and A? for СГ = 76.3 S cm? тој“! 


The conductivity of 0.001028 M acetic acid is 4.95 x 10? S ст. 
Calculate its dissociation constant if A? for acetic acid is 
390.5 S cm? тог". 

How much charge is required for the reduction of 

(a) 1 mole of AP* to Al 

(b) 1 mole of Си? + to Cu 

(c) 1 mole of МпО to Ма?” 


(d) 1 mole of CrjO2" to Cr^* 
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> Problem 11. Conductivity of 0.00241 M acetic acid is 7.896 x 1977 S ст. Calculate 
its molar conductivity and if ЛАсн,соон is 390.5 S cm? mol |, calculate 


its degree of dissociation and dissociation constant. 








. 
, 
Answers анана 
1. 1.106 стг! : 
2.1118 m^! 
3. 419х 1035 ст“ |, 209.5 8 ст“ eq |, 419 S cm? mole”! 
4. 181.82 ойт, 87.135-ohm cm, 0.01148 ohm"! саг”, 229.6 ohm”! ст“ тог ! 
25. 2.48 х 1077 8 ст, 111 x 10° 5 meq! 

6. 75 ohm 
7. 390.5 $ cm? тог ! 
8. 135.8 $ ст? ед, 271.6 $ ст? тог ! 
9. 1.78 x 107 

f 10. (а) ЗЕ, (b) 2F, (c) 5F, (d) 6F 


11. 32.76, 0.01%, 2.43 х 1077 
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Solution 1. 


Solution 2. 


Solution 3. 


Also 


Also 


Solution 4. 





Now 
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Solutions 





Given for 0.02 N solution 


2.765 x 1073 


к = 0.002765 $ ст", R = 400 ohm 


Ы 
роза 


1 
— x cell constant 
400 


Cell constant = 1.106 ст! 


Given, А = 30ohm,/- 1.80 ст, а-54 ст? 


а 

RIA 

24.08. -1 
к= 30547 0.011 5 ст 


= 1.11Sm! 


Given for 0.02 N solution. 


R 


K 


Ay 


210 ohm, : = 0.88 ст! 


10: 
К а 
! -3 -1 
—— x 0.88 = 4.19 x 10 - S cm 
219 
(X 1000 _ 4.19 x 1073 х 1000 
N 0.02 


209.5 $ cm? eq! 


[ M x Valence factor = N and valence factor for MgCl, = 2] 
KX1000 _ 4.19 x 1073 x 1000 


M 0.01 
419 S cm? тоје ! 


Given, [NaOH] = 0.05 M, [= 50 ст, diameter of column = | ст. 
R-5.5x10! ohm 
Area of circular column = n? = 3.14x (0.5? = 0.785 cm? 


Cell constant — 


Conductance 








1 P 


181.82 ойт! 


7T кан 


CONDUCTANCES OF SOLUTION 825 


REA ).78 
Resistivity 2 Кх | = 5,55 х Io xf ШЫ 
= 87.135 ohm cm 

| 1 


Resistivity 87.135 





Conductivity = 








2 = 0.01148 ohm ! ст! 
22222 Conductivity x 1000 _ 0.01148 x 1000 
Molar conductivity = M - 0.05 
= 229.6 ohm! cm? тог ! 
Solution 5. For 0.01 M КС: 
—— 
Cell constant = conductivity x resistance 
= 129x100 = 129 m”! 
For 0.02 M KCI: _ 
Cell constant = conductivity x resistance 
129 - conductivity x 520 
Conductivity = 0.248 S пг! 
= 2.48 х 10? $ cm! 
ty! a 1000 
Also Molar conductivity = conductivity x == 
(тоје/1) 
ё _ 2.48 x 1073 x 1000 _ гарвал М 
Е 0.02 k 
1 
or Molar conductivity = Conductivity (S m7) х == 
M (mole/m?) 
ЭЕ RET as 12.4 х 10? = 124 х 10 $ n? mole"! 
0.02 x 10 
M = 002° = 0.02 ME = 0,02 ТОР. = 0.02 x 10 mole 
litre dm 1077 пт m 
a _ кх1000 _ 1.11 x 1072 x 1000 
Ne — 0.1 
= 1118 ст? ед! = 11 х 10-4 S meq! 
K zl 
b: y (Sm) _ 1.11 : 
М саит?) 0.1 x 10: 
= 11 x 10-3 $ теа! 
( 
Solution 6. Let Ку and Кэ be the conductivity of the solutions A and В respectively 


and the constant of the cell be x. 


For solution A : Conductivity = Conductance x Cell constant 
| 
К xx | 
| S \ ( ) 
А s i 
For solution В Conductivity «A, “а exce o 
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When equal volumes of A and В are mixed, both the solutions get 
doulby diluted, hence their individual contribution towards the conduc 


7 =. б К 4 
tivity of the mixture will be = and 7; respectively and the conductivity 


of the mixture will be 5 (Kj + Ко). 


For the mixture : 1 (Ki + Ky) = 222 
2 n 


From eqs. (1), (2) and (3), 





= Ай+ + Л) - = 4259 +91.0 – 126.4 
Н Ас 


‚ (3) 


(К is the resitance of mixture) 


R = 75 ohm 


Anat + Айр = 126.4 
Ар» + Лен = 4259 
AW + Аде = 91.0 


390,5 S cm? mor ! 


i х 119:0 + 76.3 


135.8 S cm? eq! 


Solution 7. Given , 
) 
ANacl 
0 
Ане 
( 
ANaAc 
Adding (ii) and (iii) and then subtracting (i) 
НАс 
Solution 8. 0 
мин Хас, = 
2 
Асасі, 


Solution 9. For acitic acid, к 


A, of CH4COOH 

Also A? of CH;COOH 
а 

Now K 


a 


Ае + 2 Ас 
119.0+2х 76.3 
271.6 $ cm? mol"! 


4.95 х 107/ $ ст! 
1000 1000 __ 


-5 
"495х107% ай 





48.15 $ cm? тој“! 
390.5 S cm? тој“! 


^. 48.15 
A, 3905 2 = 


_ 0.001028 x (0.1222? 


са? | 
(1-01233) 


d- 
1.78 x 10 ~ 


. (i) 
· . . (1) 
2.2. (iii) 
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solution 10. Change required to reduce | mole 


= no. of electrons x Ау. No. x charge of electron 





= пхЁ (Е = 6.023 x 102? x 1.602 x 10779) 
At + 3e — А! 2. charge needed = 3F 
Си" + ге —> Си 2. charge needed = 2F 
Ма” + 5e —> Ма? 2. charge needed = ЗЕ 
Сте + бе —> 2CP* 2. charge needed = 6Е 
1000 
Лу = Кит 
7.896 х 1077 х 1000 
9 0.00241 2 22-73 
Л, 3236 3 
а ы, E 0.1 x 10^ = 0.01% 
og 
“Түз (1-0) 
_ 0.00241 х (0.01)? _ E 
PEDES УЕ 2.43 x 10 





828 





> Problem 1. 


» Problem 2. 


» Problem 3. 


» Problem 4. 


» Problem 5. 


> Problem 6. 


» Problem 7. 


» Problem 8. 


NUMERICAL PHYSICAL CHEMISTRY 


Selected Problems with Solutions 





The equivalent conductance of 0.20 М solution of MgCl; is 97.1 
Scm? eq. ! at 25°С. A cell with electrodes that are 1.50 ст? in surface 
area and 0.50 cm apart is filled with 0.1 N MgCl; solution. How much 


current will flow when the potential difference between the electrodes 
is 5 volt? 


The equivalent conductivity of acetic acid at infinite dilution is 387 
S cm? eq. 5. At the same temperature, 0.001 M solution of acetic acid, 
itis 55 Scm? eq... What is the degree of dissociation of 0.1 N acetic 
acid? Assume | — а = I 

А big irregular shaped vessel contained water, the sp. conductance of 


which was 2.56 x 1077 S ст '. 500 g of NaCl was then added to the 
water and the conductivity after the addition of NaCl, was found to be 


3.10 х 10778 ст Find the capacity of the vessel if it is fulfilled with 
water (A^ NaCl = 149.9). 

At 18°С the conductance of H* and CH4COO at infinite dilution arc 
315 апа 35 S cm? eq. . respectively. The conductivity of 0.001 М 


solution of acetic acid is 4.1 x 10 S ст“! at the same temperature. 
What is the degree of dissociation of acetic acid? 

Ionic conductances at infinite dilution of АР" and SO; ions are 189 
S cm? eq. and 160 S cm? eq. respectively. Calculate the equivalent 
and molar conductances of Al2(SO4), at infinite dilution. 

The molar conductances at infinite dilution of AgNO3, NaC! and 
NaNO, are 116.5, 110.3 and 105.2 S ст? mol! respectively. The 
electrolytic conductance of AgCI in water is 2.40 x 1079 $ cm! and of 
water used is 1.16x 10° S cm !, Find the solubility of AgCl in g 
litre". 

The equivalent conductances of CH3COONa, НСІ and NaCl at infinite 
dilution are 91.6, 425.0and 128.1 Scm? eq. respectively. Calculate 
equivalent conductance of acetic acid at infinite dilution. Also if degree 
of dissociation of 0.1 N acetic acid is 0.001, find the equivalent 
conductance at this concentration of acetic acid. 


Calculate the dissociation constant of water at 25°C from the following 
data: 


Conductivity of Н,О = 5.8 x 1075 S cm |, А = 350.0 and 
Ан = 1980 S ст? сал! 


TE 
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Ч 


> Problem 9. 


> Problem 10. 
“ 


> Problem 11. 


* Problem 12. 


» Problem 13. 


» Problem 14. 


> Problem 15. 


ч 


The equivalent. conductivity of KCl at infinite dilution is 130 
S cm? eq phe transport no. of CI” ion in КС at the same temperature 
is 0.505. What is the limiting ionic mobility and ionic conductance of 
K*. ion? 

АГ a certain temperature, the saturated solution of metal chloride MCI 
has electrolytic conductivity of 1.12 x 1079 S ст“ !. The ionic conduc- 
tances of M* and СГ ions at infinite dilution are 54.3 and 65.5 
Scm? eq t same temperature. Find the solubility of MCI at this 
temperature. Mol wt. of MCI is 143.5. 

A dilute solution of KCl was placed between two Pt electrodes 10.0 cm 
apart, across which a potential difference: of 6.0 volt was applied. How 
far would К? ions move іп 3 hours at 27°С 2 Ionic conductance of K* 
at infinite dilution is 73.52 S cm? ед! at 27°С. 


At 298 K, the conductivity of pure water is 5.51 x 1078 mho ст“ !. The 
ionic conductances of H* and ОН“ at this temperature are 349.8 and 
198.5 Scm? eq! respectively. Calculate the ionic product of water. 

A decinormal solution of ММОз was electrolySed between Pt electrodes. 
After passing a small current for two hours, a fall of concentration of 
0.0005 124 equivalent occurred in anodic solution. The weight of copper 
deposited in copper coulometer placed in series was found to be 0.03879 
g. Find the transport no. of М? and NO} in MNO}. 

A solution of AgNO; was electrolysed between silver electrodes. Belore 
electrolysis, 10 g of solution contained 0.01788 р of AgNO, After the 
experiment, 20.09 р of the anodic solution contained 0.00227 р ol 
AgNO3. At the same time, 0.009479 g of Cu was deposited in the copper 
coulometer placed in series. Calculate transport no. of Ag! and NO}. 
Calculate the transport no. of H* and СГ ions from the following data 
obtained by moving boundary method using CdCl» as the indicator 
electrolyte : 

Concentration of НСІ solution : 0.1 № 

Wt. of Ag deposited in coulometer = 0.1209 g 

Movement of boundary = 7.50 ст 

Cross-section of tube = 1.24 ст? 


830 





e 


. 2.913 ampere ; 


1.5% ; 


. 2372.5 x 102 litre ; 


11.7% ; 


. 143 S ст? eq |, 858 S cm? тог !; 
. 1463 x 10? g litre! ; 

. 388.5 S cm? едг! ‚ 0.3885 $ cm? eq. ! 3 
. 2x 10779 mol litre! ; 

. 6.67 x 1072 cm? sec! volt! ; 


1.34 x 1073 g litre! ; 


. 4.938 ст ; 


. 101 x 107^ ; 

. 0.4303, 0.5697 ; 
. 0.4792, 0.5208 ; 
. 0.8308, 0.1692 


Answers 
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Problems for Self Assessment === 


When а certain conductance cell was filled with 0.02 M KCI solution (sp. 


conductivity 0.002768 S ст“ |), и had a resistance of 82.4 ohm at 298 К. When 
filled with 0.005 N K5SO,, it had a resistance of 324 ohm. Calculate: 


(i) Cell constant. 
(ii) Conductance of 0.005 N K,SO, solution. 


(іі) Conductivity of 0.005 N K,SO, solution. 

(iv) Equivalent conductance of 0.005 N K,SO, solution. 

(v) Molecular conductance of 0.005 N K,SO, solution. 

The equivalent conductivity of 0.05 N solution of a monobasic acid is 15.8 S 
ст” eq. '. If equivalent conductivity of the acid at infinite dilution is 350 S 


cm? eq. !, calculate the 
(i) Degree of dissociation of acid. 
(ii) Dissociation constant of acid. 


Calculate molar conductance for NH,OH, given that molar conductances for 
Ва(ОН), , BaCl, , and NH4CI are 523.28, 280.0 and 129.8S cm? mol! res pectively. 


A particular cell when filled with 0.05 M solution of NaCl gave a resistance of 140 


ohm at 20'C, while with 0.05 M solution of НСГ gave a resistance of 75 ohm. 
Calculate the equivalent conductance of НСІ solution. Given conductivity of 0.05 


M NaCl is 0.00141 5 ст“. 
Calculate the equivalent conductivity of a salt solution of 0.75 N which in a 


conductance cell, whose electrodes are 2 cm apart and 6.6 cm? in area, was found 
to offer a resistance of 50 ohm. 


0.1 М solution of МаС at 18'C has a conductivity of 0.039 S ст“!, Its equivalent 


conductivity at infinite dilution is recorded to be 450 S cm? eq. '. Calculate the 
degree of dissociation of NaCl in solution. 


Calculate the equivalent conductance at infinte dilution of the salt МаКС,О,. Given 
ionic equivalent conductance of oxalate, Ма” and К? ions аге 74.1, 50.1 and 73.5 
S cm’ eq. |. 

The absolute velocity of Ар” is 5.7 x 107 cm вес”! and of МО» is 69x 10 


cm sec |. Assuming complete dissociation, calculate the equivalent conductivity 
of 0.01 M AgNO, at infinite dilution. 


At 291 К, the equivalent conductivity of Аг“ and NO, are 54.14 and 61.27 at 


infinite dilution. Calculate the ionic mobilities and transport по. of Ар” and NO, 


at infinite dilution. 
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13. 


14. 


15. 


16. 


17. 
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At 291 К, the conductivity of saturated solution of Cal, is 3,86 x 10 ` Sem" and 


that of water used for solution is 0.15 x 1077. The ionic conductances of Ca?" and 
F^ at infinite dilution are 51.0 and 47.0 S cm? едг! respectively. Calculate the 
solubility of CaF, in solution. 

At 20°C, the equivalent conductivity of LiNO, at infinite dilution is 100.0 and in 


0.2 N solution 79.0 S cm? eq '. Determine concentration of Li* in solution. 

The transport no. of Ag* ion in AgNO, is 0.48. The equivalent conductance of 
AgNO, at infinite dilution is 120. Calculate the ionic conductance and ionic 
mobilities at infinite dilution. 

A solution of AgNO, was electrolysed between Pt electrodes for sometime. The 
concentration of Ав” in the anodic solution before and after the electrolysis was 


x and v equivalents respectively. If the amount of Cu deposited in coulometer 
connected in series for the same time was Z equivalents, calculate the transport 


number of Ав", What will be transport number of Ag” if electrodes used are of 
Ag? 
In an electrolysis of CuSO, solution, between two Cu electrodes the total mass of 


Cu deposited at the cathode was 0.2295 g. Masses of Cu in the anode liquid before 
and after electrolysis were 1.1860 g and 1.1365 g respectively in same amount of 


" ә `8 
water. Calculate transport number of Си?” and 50%. 


In determining the transport number of Аг" and МО, ions, following results were 


obtained. Before experiment | g of anode solution contained 0.001788 g of 
AgNO). After the experiment 20g anode solution contained 0.06227 о AgNO4. In 


а voltmeter placed in series, 0.0322 о of Ag was deposited. Calculate transport 
number of Ag" and NO, ions. 

Calculate the equivalent conductance at infinite dilution of the salt МаКС-О,. 
Given ionic equivalent conductance of oxalate. Ма” and К? ions аге 74.1, 50.1 and 
73.5 8 ст“ ед. '. 

The resistance of 0.02 М КС! solution was 225 ohm. The specific conductivity of 
0.02 M КС! solution was 0.0027 S ст". The resistance of 0.1 M CuSO, solution 


was found to be 37.5 ohm using the same cell. Find the equivalent and molar 
conductances of CuSO, solution. 


The conductivity of a saturated solution of AgCI at 25°C after subtracting the 
conductivity of water is 2:28 x 1079 S ст !. Calculate the solubility оғ 


AgCl in water at this temperature. Given л.с, = 138.3 S ст? еа. '. 
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Answers 
. (i) 3.086 x 10° mho, (ii) 7.04 x 107 S ст“, 
(111) 14.80 S cm? eq. ', (iv) 281.6 mho cm? mol! ; 


. (i) 0.04514, (ii) 1.019 x 1077 
. 251.44 8 cm? mor! 
. 52.64 S cm? eq. ! 


. 8.08 S ст? eq. ! 
. 86.66% 


. 98.85 S cm? eq. 
8. 121. pois an едг! 
= 0.47, он 0.53, нда 25.6 x 107", имо: = 635 х 107 


10. 1. m. 1072 8 інге”! 
11. 1.106 g гет! 
2. Aast = 57.6; Амо; = 62.4 S ст? саг! 
UAg* = 5.97 х 107^; имо; = 6.47 x 1077 ст? sec! v^! 


ca +. A (yx 
13. ‘дв! = z^ АЗ = 7 
! 14. 0.2157. 0.7843 


15. 0.477. 0.523 

16. 98.55 $ ст? са” 

17. 81$ стг са |. 16208 cm? mol! 
18. 2.365 х 1077 litre™!. 





> Problem 1. 


> Problem 2. 


> Problem 3. 


> Problem 4. 


Miscellaneous Problems 


Selected Problems with Solutions 


Calculate the enthalpy change for the reaction, 
хеб — › Хе +F + +Е 

The average Xe — F bond energy is 34 kcal/mol, first I.E. of Хе is 279 
kcal/mol, electron affinity of F is 85 kcal/ mol and bond dissociation 
energy of F is 38 kcal/mol. 
(i) Calculate the ionization energy for the process, 

Mge) — МЕ) + 2е from the following: 

Мр) + 1/8885$)—— —9 Ме5б) ; АН 


36.5 -700.2 


5 —72.4 42- 
133.2 5—5 


ЇР, + IP, 
Mg(g) > Mgig) 


All the numerical data are in kcal/mol. АН, is the enthalpy of formation 
of Мг5($). IP; апа ІР; are the first and second ionization energies. 
Given: ЗИР; + IP5) = —19АН:. 

ЇР, 
(IP, +1Р>) 
individual values of ІР) and ІР; in electron volts, 


[еу = 16x 1079), 

Іп а sample containing fluorine and chlorine atoms, removal of one 
electron from each atom of the sample involves a total energy 
expenditure of 300 kJ. Adding one electron to each atom releases a total 
of 70 kJ. Ionization potentials of F and Cl atoms are 17.422 and 12.967 
eV. Electron affinities are 3.45 and 3.61 eV. Calculate the number о! 
fluorine and chlorine atoms in the sample. 

The first IP of lithium is 5.41 eV and electron affinity of Cl is —3.61 eV. 


(1) In the preceding problem "| pom саїсшае the 


Calculate АН in kJ тог ! for the reaction: 


ЕТ ЕСІ ДЕ + С) 


(8) 
2 


” 


~ 


» 
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» Problem 5. 


“ » Problem 6. 


1) 


» Problem 7. 


» Problem 8. 


» Problem 9. 


> Problem 10. 


» Problem 11. 


> Problem 12. 


> Problem 13. 


»- Problem 14. 


You are piven Avopadro's no. of ‘X’ atoms. If half of the atoms of X 
transfer one electron to the other half of ‘X’ atoms, 409 kJ must be added. 


If these X ions are subsequently converted to X*, an additional 
733 kJ must be added. Calculate IP and EA of X in eV. Use 
(1 eV = 1.602 x 107? J and N = 6.023 x 1023). 
Helium can be excited to the 1812р! configuration by light of 58.44 nm. 
The lowest excited singlet state, with the configuration 15, 25! Нез 
4857 cm! below the 1512р! state. What would the average He — Н 
bond energy have to be in order that HeH, could form non-endothermic- 
ally from He and H2? Assume that the compound would form from the 
lowest excited singlet state of helium. Neglect any differences between 
AE and AH. Take АН; (Н) = 218.0 kJ/mol. 
Calculate the electronegativity of fluorine from the following data: 

Egg = 1042 kcal mor! 

Eg. p= 36.6 kcal mol! 

Eg. p = 134.6 kcal тој“! 


1 g of Mg atoms in the vapour phase absorbs 50.0 kJ of energy. Find 
the composition of Мр" and Mg?* formed as a result of absorption of 
energy. IE, and IE? for Mg are 740 and 1450 kJ mol! respectively. 

A mixture contains atoms of fluorine and chlorine. The removal of an 
electron from each atom of sample absorbs 284 kJ while the addition of 


an electron to each atom of mixture releases 68.8 kJ. Determine the 
percentage composition of mixture. Given IE; for Е and С! are 


27.91 х 10 7? and 20.77 х 10722 kJ/atom respectively and EA, for F and 


СІ are —5.53 x 10722 and -5.78 х 10 7? kJ/atom respectively. ~ 
The boiling point of krypton (Kr) and radon (Rn) ате -152°C and 
—62°С respectively. Calculate the approximate boiling point of xenon. 


Calculate the % ionic character in НСІ molecule. Given bond length of 
НСІ is 1.275 A and инс! = 1.03 debye. 


The dipole moment of LiH is 1.964 х 10 Ст and the intermolecular 
distance between Li and H in this molecule is 1.596 А. What is per cent 
ionic character in molecule? 

The experimental dipole moment of water molecule is 1.84 D. Calculate 
the bond angle Н--0--Н in water molecule, if dipole moment of OH 
bond is 1.5 D. 

The H—O—H bond angle in the water molecule is 105°, the H—O bond 
distance being 0.94 À. The dipole moment for the molecule is 1.85 D. 
Calculate the charge on the oxygen atom. 
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» Problem 15. 


> Problem 16. 


> Problem 17. 


> Problem 18. 


» Problem 19. 


» Problem 20. 


» Problem 21. 


» Problem 22. 


> Problem 23. 


» Problem 24. 
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Assuming that all thc four valency of carbon atom in propane pointing 
towards the corners of a regular tetrahedron, calculate the distance 
between the terminal carbon atoms in propane. Given, C—C single bond 
length is 1.54 А. 
Calculate the molecular weight of HF if density of HF gas is 3.17 g/L 
at 300 K and 1.0 atm. Comment on the result. 
Assuming covalent radii to be additive property; calculate the iodine-io- 
dine distances in o-, т-, p-di-iodobenzene. The benzene ring is regular 
hexagon and each C—I bond lies on a line passing through the centre 
of hexagon. The C—C bond length in CgHg are 1.40 А and covalent 
radius of iodine and carbon atom are 1.33 А and 0.77 А. Also neglect 
different overlapping effect. 
A solution containing 2.665 р of CrCl3:6H20 is passed through a cation 
exchanger. The chloride ions obtained in solution were treated with 
excess of AgNO; to give 2.87 g of AgCl. Deduce the structure of 
compound. 
1 g of the complex [Cr(H20)sCI]Cl?: H20 was passed through a cation 
exchanger to produce НСІ. The acid liberated was diluted to 1 litre. What 
is normality of this acid solution? 
A solution containing 0.319 g of complex СгС1з-6Н2О was passed 
through cation exchanger and the solution given out was neutralised by 
28.5 mL of 0.125 M NaOH. What is the correct formula of complex? 
Metal carbonyls having formula M(CO),, where x is the number of 
carbonyl units co-ordinated to metal M are formed by Fe, Cr and Ni. If 
effective atomic number of each metal is 36, what are the formula of 
metal carbonyls? 
Calculate the electronegativity X of silicon using Allred-Rochow equa- 
0.359 Z 
Р (А) 
of Slater’s rule taking all the electrons. Covalent radius of 
Si = 1.175 А. 
100 mL of 1 x 10? M aqueous solution of an organic compound were 
shaken with 50 mL of an organic solvent till equilibrium is attained. 
Calculate the concentration of organic compound in organic solvent. 
Given that distribution coefficient of organic compound for the given 
solvent is 50 in favour of organic solvent. 





tion: X = + 0.744 where 2. is Zeffective calculated on the basis 


Distribution coefficient of an organic acid between water and benzene 
is 4.1 is favour of CgHg. If 5 g of the acid is distributed in between 50 
mL of benzene and 100 mL of water, calculate the concentration of the 
acid in two solvents. 


1 
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> Problem 25. 


> Problem 26. 


> Problem 27. 


> Problem 28. 


> Problem 29. 


> Problem 30. 


> Problem 31. 


10 g of iodine is allowed to distribute between Н2О and ССП. If the 
partition coefficient is 85 in favour of CCl4, find the ratio between 
volumes of H20 and CCl, such that 5 g of iodine will be present in 
aqueous layer. 

Prove that succinic acid forms a dimer in CgHg from the following data: 
Grams of acid рег 100 mL H,O 0.2 04 0.6 

Grams of acid per 100 mL СН, 0.64 2.55 12:78 

50 mL of a saturated solution of iodine in water is shaken with 5 mL 
CHCl; to attain equilibrium. If partition coefficient of Iz in favour of 
CHCl; is 90, calculate the amount of I? in СНСВ. The solubility of 15 


in water is 0.7 g litre”! 

An organic acid is three times more soluble in water than hexane. When 
14.5 g of the acid is mixed with 100 mL of water and 100 mL of hexane, 
1.6 g of acid was found to be present in 50 mL of hexane. Calculate 
degree of dissociation of acid in water. 

A solution of H20, іп amyl alcohol containing 20 р of НО in 
200 cm? is to be extracted out with 200 cm? of water when used in: 
(a) One lot, 

(b) Two lots of 100 ст. each. 

Calculate the amount of H20, extracted in each case. The partition 
coefficient of H20, between ату! alcohol and water is 1 : 7. 

An organic substance has a normal molecular weight in water but gives 
a higher value іп CgHg. The following data were obtained during a 
distribution experiment. 

Conc. of substance in water (gL!) 0.01 0.12 0.24 
Conc. of substance in C6H6 (gL!) 1.848 x 107 2.661 x 1073 1.089 x 10? 
Find the degree of complexity of the substance in СН. 

Iodine was permitted to distribute between water and CCl4. When 50 
mL of aqueous layer was treated with 1 M Ма25204 solution, 5 mL of 
Ма252Оз were used up. 1 mL of CClq layer consumed 17 mL of 0.5M 
Ма252Оз solution. Calculate the partition coefficient of I5 in between 
CCl, апа H50. 
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Answers 
1. 292 kcal mol! ; 
2. (i) 548.27 kcal, (ii) IP, = 184.77 kcal mol |, (ін) ІР; = 363.50 kcal mol! ; 
3. n; = 6.35 x 1022 atoms, nz = 6.023 x 1022 atoms ; 
4. 1737 ÀJ ; 5. Р= 11.835 eV, EA = 3.358eV ; 
6. 1211.8 kJ mol! ; 7. 388 ; 
8. Мр? = 68.28%, Ме =31.72 ; 9. Е=37.76%, СІі-6424% ; 
10. -107C ; 11. 16.82% ; 
12. 76.82% ; 13. 104920' ; 
14. 323 x 10719 esu ст ; 15. 2514 À ; 
16. 78.08 ; 
17. (a) 3.50 À, (b) 606 À, (c) 70À ; 
18. See solution ; 19. 0.0075 ; 
20. [Cr(H2O)glCh ; 
21. Fe(CO)s, Cr(CO)g М(СО4; 22. 1.73 
23. 9.62 x 10 ^ mol per 50 mL ; 
24. CgHg = 67.22 g/litre, H50 = 16.39 g/litre ; 
25. 85:1; 26. See solution ; 
27. 0.0315 g in 5 mL of CHCI; ; 28. 15.04% ; 
29. (а) 17.5 2, (b) 19.012 ; 30. See solution (dimer іп CHo) ; 


. 85 


№. 
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Solutions 
Solution 1. XeF4 —> Хе" +F + +Е 
1 ЄхХє- = 34 kcal mol! ; ёр = 38 kcal тог"! 
2. F+F—> F, ог ер, =–38 kcal mol! 
IE, of Xe = 279 kcal mol ! ; EA, of F = -85 kcal mol! 
АН for change = IE; of Хе + EA: of F + ep, + 4exe—p 
= 279 – 85 – 38 + 4 x 34 
= 292 kcal mol! 
Solution 2. (i) Given, ЗПР, + IP5] =-19 АН; 
Also from Born-Haber cycle of М5 
АН; = Н.5 ме + IP; + IP5 + ~ Н-5< + (EA; + EA2)s + Ej 
From the chart using the values 
AH, = 1332 + IP; «ІР; + а х 36.5 + (-72.4) – 700.2 
А AH; = 133.2 | АН, +209 - 04-7002 
19 ; | 
AH; + гү АНе = 7634.84 
AH; = —86.6 kcal 
пре 02260) = 548.27 kcal 
(8) IP, + IP) = 548.27 
IP; +1 | 
Al —— = 
e IP, 0337 
548.27 1. 
IP; 0.2337 
IP; = 184.77 kcal mol! and ІР; = 363.50 kcal тог ! 
Solution 3. F—>F' +e ; IP, = 17.422 eV 
^ Cl—> CI! +e; ЇР» = 12.967 eV 
Е+е Е  ; EA, = 3.45 eV 
Cl-*e—Cl ; EA» = 3.61 eV 
Let нү atoms of F and тэ atoms of Cl are present 
+3 
пух 17.422 + пох 12.967 = ea ем С. 1.602 x 10791-1 eV) 
1.602 x 10 


1249955 O O67 a — 404127 ~ 107 (11 
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3 
and ny X (-3.45) +пох (3.61) = 020, 
1.602 х 10 
ог 3.45n, + 3.61 по = 43.70 х 1022 2.40) 


Ву (1) апа (2), 
n = 6.35 x 1072 atoms 
по = 6.023 х 102 atoms 


Solution 4. AH/molecule of Li" and СГ = ІР; + EA 
Li a 
=5.41 — 3.61 = 1.80 eV 
Li—> Li*+e ПР =+уе 
and Cl*e— СГ EA =- ve 


AH/ mol = 1.8 x 6.023 х 1023 eV 
= 1.8 x 6.023 x 102 x 1.602 x 1077) 
-18х6.023х 1073 x 1.602 x 107? x 1073 kJ = 173.7 KJ 


Solution 5. Assume that, 


Х—Х' +e; АН = IP; =aeV 
Xte—X ; АН z-EA,--beV 
if N/2 atoms of X lose electrons which are taken up by remaining N/2 of X to give 
X .then 


М, Мо 400х10 
ажа ЭХО» Tulgo 
2 2 1602х10 
409 x 10° x 2 
1.602 х 10 ^ x 6.023 x 10 
As a-b = 8.477 
Now, №2 of X^ lose two electrons to give X * 
X —X-e АН = +ЕАу=+ Б 
Х-->Хі же; АН =+ЇРү=+а 
ӨМ e agiN ахау. 
2 2 1.602 x 1079 
733 x 10° x2 
or atb- pu v 108 ST 
1.602 х 10 х 6.023 x 10^ 
а + b= 15.194 
2 а = 11.835 eV 
and р = 3.358 eV 


4 


D 


i) 
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Solution 6. Formation of Hel» requires energy equal to sum of 


(1) energy for excitation from 15? to 15125! to form He singlet is equal to : [Energy 
needed for excitation from 152 to 1512р! - energy level difference in between 15725" and 


| s!2p'] 
Thus, Eg, singlet = 7© — 16 = 3.40 x I0 89.66 x 10720 J 
Ар А 
= 3.30 x 10775 J/molecule 
1 
where À; = 58.44 х 10° m and 33 = 4857 cm! 
2 
(ii) energy to produce two mole of H, їе, 2 x 218.0 = 436 kJ/mol 
Thus, Е for 2 mole bonds of He — Н 
= [3.30 x 1070 x 6.023 x 1023 + 436 x 103] J/mol 
= 2423.5 kJ mol! 
Ене —н = 1211.8 kJ тог! 
Solution 7. Let Хн and Xg be the electronegativity of H and F, then 
Хн ~ Хг = 0.208 [Ен — p - (Ea n X Евр) 1 
Хн ~ Хр = 0.208[134.6 – (104.2 x 36.6) "21 /2 


Хы ~ Хе= 1.78 and Ху < Хр: 
Since, Хн = 2.1 (although this value is not given in problem) 
Xp z 2.1 + 1.78 = 3.88 


Solution 8. Given, 


Mole of Hg = = 


These mole of Mg will be converted to Mg” and Mg”. Let a mole of Mg” are formed, 
then 
4 


DUE: 


та }x2190= so 


a — 0.02845 


% of Mg* = MILL x 100 = 68.28% 


% of Mg” = 31.72% 


Solution 9. Let the mixture contains а, b atoms of F and Cl respectively. 





Thus, total energy absorbed is: 
2842ax2791 x 10722 + b x 20.77 x 10722 Metu 
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Also total energy released is: 
-68.8 = a x (-5.53 x 10722) + b x (-5.78 x 10722) 
or 68.8 = 5.53 x 1027 x a + 5.78 x 10 2 x p 2412) 
By Eqs. (1) and (2), 
. а =4.57 х 1022 
b=7.53 x 1022 
4.57 x 1022 


% of F= я 2222 |х 100 = 37.76% 
4.57 x 10°° + 7.53 x 10 


% of Cl = 62.24% 


Solution 10. The zero gp. members are He, Ne, Kr, Xe, Rn. Law of triad suggests 


a ae ee that property of a middle element in a group of three is average of its 
two adjacent elements. 
B. pt. of Xe = b. pt. of ын b. pt. of Rn Ё -152 + (-62) 
=- == =- 107°С 
Solution 11... Dipole moment of НС! (инс) is given by, 
ина -бха 


; u = 1.03 D = 1.03 x 10718 esu cm 
and 4= 1.275 А = 1.275 x 10? cm 
1.03 x 1078 =5х 1275 x 1075 
5 = 0.808 x 10719 esu 
4.803 x 10719 esu charge, % ionic nature of НСІ = 100 
0.808 x 10719 esu charge, % ionic nature of HCI 
_ 100 x 0.808 x 10 ° 


4803x10 162% 


Solution 12. Итоесие — 9 X d 


1.964 x 10-29 = 8 x 1.596 x 10779 
$ = 1.2306 х 1077 coulomb 
1.2306 х 10779 


% ionic nature = wav 12 100 = 76.82% 
1.602 x 10 


MISCELLANEOUS PHOBLEMS 851 


Solution 13. 





TC REEL EE CER C - 
H= vui + И] + 2H cos а. 
In Н>О only two dipoles equal to Ир are operating due to two О-Н bonds. 


Thus, 1.84 = N(LS) + (L5)? + 2 x (1.5) x (1.5) cos о 
cos & = –0.2476 
a = 104920: 


Solution 14. 


A 


£105 rores 2-26, 2125-2105), 
"A ) “Эр ийн + ӧн + 20? cos (105) 


НЯ 


Since Н:О has two vectors of O—H bond acting at 105°. Let dipole moment of 
Q—H bond Бе гаг 


1.85 = У2а?(1 + cos 105) 





Or а, ie., Ид—н = 1.52 debye = 1.52 x 1077 esu ст 
Now Мо-н-бха where, 6 is charge on either end 
1.52 x 10718 = б x 0.94 x 107 
2 8-1.617х 10779 esu 
Since O acquires 28 charge, one 8 charge from each bond and thus, 
Charge on О atom = 28 = 2x 1.617 x 1079 = 3.23 х 10 ! esu ст 
Solution 15. Propane has three carbon atoms. Let A and B be the terminal carbon 
Nb. x atoms and Z be the middle carbon. Then, 
2 
J ) 
The angle Ө = 109928” and ZB = А = 1.54 А 
Now, pe sin Ё = sin IDE 
AZ 2 2 
= sin 54?44' = sin 54.73? 
or AO = 0.816 x AZ = 0.816 x 1.54 = 1.257 А 


AB - 2x AO = 1.257 x2 А = 2.514 А 
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Solution 16. 


PV=~ RT 
m 
үй 
ог Р= Vatt 
ee m= ART ышына, гн 9g 


Molecular weight of HF in gaseous state is 78.08, whereas its normal molecular weight 
is 1418-19, 


Thus, HF in gaseous state from a tetramer due to strong H-bonding. 





Solution 17. (a) o-di-iodobenzene: 

I А 

І i 

| | 

ог i 

| Ї i 

| | 
1 > 


The distance between two I atoms АВ = АО = ОВ, because AAOB is equilaterai 
triangle. 


АВ = ОР + РА 


АВ = ОР + covalent radius of С + covalent radius of I 
= ОР + 1.33 + 0.77 
= 1.40 + 1.33 + 0.77 
АВ = 3.50 А (OP = OQ = РО, because AOPQ is also equilateral 
triangle and РО = С—С bond length) 


(b) m-di-iodobenzene: A 


The distance between two I atoms is 
AB = АС + ВС = АС (< AC = BC) 
= 2A0 cos 30° = {AP + OP) cos 30°. 
= 2(АР + PR)cos30° (OP = PR-- АРОК is equilateral) 


= 2(2.10 + 1.40) x 0.866 
ade А 
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(“АР = covalent radius of C + covalent radius of | = 0.77 + 1.33 = 2.10 А and PR = cova- 
lent bond length of C—C = 1.40] 


(c) p-di-iodobenzene: 


7 
! 
, ! Р 
0 
ог 
+ 
т | 
B 
AB = ОА + OB = 20A 
= 2(ОР + РА) 
=2х(РО + PA) C. OP = РО; ДОРО is equilateral) 


= 2 (РО + covalent radius of C + covalent radius of I) 
=2 x (1.40 + 0.77 + 1.33) = 7.0 А 


Solution 18. Moles of AgCl obtained 
IN M лс 2.665 
Ü = mole of СГ ions ionised from 266.5 moles of CrCl3 6H20 
= 0.01 (mol. wt. of CrCl3:6H20 = 266.5) 
зу О. 2.87 
Moles of СТ ionised = 14357 0.02 
Thus, 0.01 mole of complex CrCl3-6H20 gives 0.02 moles of СІ on ionisation 
Now, since co-ordination number of Cr is six and only one Cl ion и. attached to Ci 
by co-ordinate bond or secondary valency and therefore, complex: is 


[CrCl (H20)5]Cl H20. 
[CrC1-(H20)5]Cl2: H20 —> [CrCI(H20)51?' 4 201 1 0) 
2СГ + 2AgNO3 —> 2AgCl + 2NO, 


Solution 19. Mol. wt. of ІСт(Н2ОУ)<СІСІ;-НҘ;О- 2002 





| 
‚ 5 Moles of complex = 206.5 


Note: 1 mole of [Сг(Н20)5СПС12-Н2О will give 2 mole of CI dons ia ан 1211-1871 
ч Р 2x1 
Thus le of ed = -— 
us, mole of HC! formed 266 5 


2х 
Ce X .0075 
Мис! 266.5 х | un 
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Solution 20. The Cl atoms outside the co-ordination sphere will be tonised to produce 
acid HCl. 
Thus, Мед. of CI” ions outside = Мед. of НС! formed 
= Мед. of NaOH used 
= 28.5 x 0.125 
= 3.56 
0.319 





266 5 mole ог 1.197 т mole of complex produce 3.56 Meg. or millimole small of 


СГ. Thus 1 mole of complex will give 3 mole of СЇ”, i.e., all the three Cl atoms are outside 
the co-ordination sphere. 
Thus, complex is [Cr(H,O),]Cl,. 


Solution 21. M(CO), 
^ ]n  Fe(CO),: EAN = At. no. of Fe + 2 x No. of ligands, i.e., CO 
36 =26 +2-х 
х=5 


Formula of iron carbonyl is Ее(СО)5 
Similarly, | Сг(СО); and Ni(CO), 


Solution 22. 


Electronic configuration of Si : 152, 2522рб, 3523 р? 


Zeffective = 2“ 6 (where o is screening constant and 


= [ns and np electrons] х 0.35 + (n— 1) electrons x0.85-- (n - 2) electrons 
х 1.0(Note—if n=1 then for ls electron the value =15 electrons х 3.0) 
2=14-4х 0.35 +8 x 0.85 + 2x 1.0 = 3.80. 


29 359% 38 
=== + 0.744 = 1.73 
(1.175)* 
Solution 23. Distribution coefficient of system = 50 in favour of organic solvent 


[O.C.] in water = 1 x а 
1072 х 100 
1000 
Let а mole of organic compound be extracted ош by 50 mL organic solvent. 

At equilibrium, 


[O.C.] in 100 mL water = = 10-3 mole 


[О.С.] т 50 mL organic solvent = E 


[O.C.] in 100 mL HO = anco 
ГО. C. | in organic solvent 


nd К= O.C] in 150 


№ 
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50 a ш 
50 перова) 
а =9.62 х 1075 mol рег 50 mL 


, Solution 24. Let the amount of organic acid in CgHg layer = а g 
Volume of CgHg = 50 mL 
Conc. of acid in CgHg = sü g mL! 


Total amount of acid =5 g 


ES Amount of acid in H20 layer = (5 - а) g 
and Volume of H50 = 100 mL 











Conc. of acid in НО = 524 g mL! 
Conc. of acid in CgHg a 100 
pow K reo ormidint;O 50° 8.53) 
a 100 
ое 
3 a – 3.361 g 
0 7 Amount of acid in 50 mL CgHg = 3.361 g 


Acid concentration in СН = 2361 х 1000 
= 6722 р litre ! 
Also, Amount of acid in 100 mL ЊО = 1.639 2 
Acid concentration іп H20 = шэг х 1000 


= 16.39 g litre ! 


Solution 25. Let x and y litres be volumes of НО and ССІ; respectively. 


Total amount of [2 shaken = 10 g 
Amount of L in water layer = 5 g 


[12] in water = 5 5 litre! 
h Amount of L; in СС layer = 10-5 = 5 р 
[I5] in CCl4 = > g litre! 


_ [2] in CC 


pow = [D] in water 


te, Ratio between volumes of IO and CCL = 85 : 1 
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Solution 26. Let С) апа С» be the concentrations of acid in water and СН, 
respectively. 
If succinic acid forms dimer in CgHg then 





= Gs, .. (1) 
Using Eq. (1) for the given data 


K3= X538) = 0.2496 


Since all the values of К are same and thus, succinic acid forms a dimer іп СН. 


Solution 27. 1 


Solubility of I? in water = 0.7 g litre” 





Iodine іп 50 mL water = 9:190 00356 
1000 
Let a р 12 be extracted ош from water layer at equilibrium 


At equilibrium, 
Amount of l; in 50 mL H20 = (0.035 ~ a) g 


Concentration of I; in H20 = nr g mL! 
Amount of 12 in 5 mL CHCl; =a g 
Concentration of 1 in CHCl; = = g mL! 


Conc. of I; in CHCl, layer 
= Conc. of 15 in Н2О layer 
а/5 
= (0.035 – ay50 


а = 0.0315 g in 5 mL of CHCl; 


Now 


90 


Solution 28. We know. 


Solubility in water 3 
Solubility in hexane 1 
5%; К=3 
Let а be the degree of dissociation of substance in water 

Acid present in 50 mL hexane - 1.6 g 


Acid present in 100 mL hexane = 1.6 x 2 = 32g 
Total acid = 14.5 g 


Acid present іп 100 пі, H20 = 14.5 - 3.2 = 11.3 р 


Partition coefficient = 


—À 1 3 
[Acid] in water = =: төрті! 


13 
M x 100 
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2542 eA -1 
[Acid] in hexane =x 100 mol mL 


where M is mol. wt. of acid 
[Acid] in water x (1 — o) 
~ [Acid] in hexane 
, 11.3(1 – о) 
4 .Mx 100 
32 
M x 100 


а. = 0.1504 = 15.04% 


Now 





Solution 29. Wt. of H202 = 20g 


Volume of H20 = 200 ст“ 


Volume of amyl alcohol -200 cm? 
Suppose w g of H20; exist in water at equilibrium 


Wt. of H20; in amyl alcohol = (20 – w) g 
(a) If single operation is made by amyl alcohol using 200 cm? in one lot 
юм Conc. of НО» іп amyl alcohol 


{) Conc. of H205 in water 
_ (20 - wy200 


ХА и = 17.5 р 
Alternate for (а) 
Part (a) may also be solved as: 


n 
KV 
V = -W 
Wn | "m 21 





Given, Ү- 200 cm"; y = 200 cm’: п= | 
К = 1/7 = 20 о 
І 
qe (1/7) x 200 
Зил Es + (177) x200 | ^^ 
мр = 2.5 р 
Le., Amount left unextracted in amyl alcohol = 2.5g 
^ Amount extracted by water = 20 — 2.5 


-175g 
(b W=20g, К-1/7, У=200ст?, у= 100ст“, п=2 
(1/7) x200 T. 
Шы | 100 + (200 х 1/7) | 70 
0.99 р 
Le, Amount lett unestracted in amyl alcohol = 0,99 р 
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`. Amount extracted by water in two operations of 100 cm each 
= 20 - 0.99 = 19.01 р 


Solution 30. Let n be the complexity of acid іп CgHg and С), Су are concentrations 
of acid in water апа СеНе. 








Th қала с. 
ын “NC 

Taking log, 
log K = log C, – = log С; TERN 

Using data in Eq. (1), 
log K = log 0.01 -+ log 1.848 x 1077 Reals 
log K = log 0.12 – = log 2.661 х 1073 Жу, 
log К = log 0.24 – 1 log 1.089 х 1072 .. (A) 


Solving Eqs. (1) and (3), n=1.999 

Solving Eqs. (3) and (4), п-2.033 

The value of n is almost 2 in above experiment which shows that organic substance 
forms dimer in СНС. 


Solution 31. Тһе given redox change is 





I; + 2Ма252Оз —— 2Nal + Ма254Об 
Mole ratio of 1 : Na98204 :: 1:2 


mM of 15 in aqueous layer of 50 mL = = x mM of Ма28203 


E mM of I; in ССИ layer of 1 mL = = x mM of Ма25203 


х 17 х0.5 = 8.5/2 
5 


mM of I? in 50 mL СС layer = — х 50 = 425/2 


Conc. of I> in ССІ layer 

Now ИИ 
Conc. of Lj; in H5O layer 

, mM of Ip in 50 mL CCl, 
~ mM of іп 50 mL НО 
7 42972, 
Есте 


z 





” 
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2: 
1 

3. 

4. 
ћ 





Problems for Self Assessment 


The Born-Haber's cycle for rubidium chloride (RbCI) is given below, (the energies 
are in kcal тог). 
1 


-105 

ВЫ) + „Са — —— ӘСІ, 

28.75 -159,5 
420.5 
- + 
Clg) — > Clg Қо) 
96.0 
ВЫ) 


Find out the electron affinity of chlorine in kJ mol al 

The heat of formation of BaBr>,.) is —764 kJ mol '. The first and second ionisation 
energies of Ba are 502 and 965 kJ mol! respectively. The heat of sublimation of 
Ва is 176 kJ тог“ !. The bond energy of Вг; is 193 kJ mol !. Heat of vaporization 


of Bra) is 31 kJ mol‘. The electron affinity of bromine is 325 kJ mol"! Draw the 
Born-Haber cycle and calculate the lattice energy of BaBry,). 


Cesium chloride is formed according to the following equation, 
1 
2 
The enthalpy of sublimation of Cs, enthalpy of dissociation of chlorine, ionization 
energy of Cs and electron affinity of chlorine are 81.2, 243.0, 375.7 and -348.3 kJ 


то”. The energy change involved in the formation of CsCl is 2388.6 kJ тог, 
Calculate the lattice energy of CsCl. 


Сі) 3F Clo(g) —> CsCl) 


By using the following data draw an appropriate energy cycle and calculate the 
enthalpy change of hydration of: 
(i) The chloride ion, 
(1) The iodide ion. 
Enthalpy change of solution of NaCl, = —2 kJ mol! 
Enthalpy change of solution of Nal; = +2 kJ mol! 
Enthalpy change of hydration of Маг = --390 kJ mol”! 
Lattice energy of NaCl = —772 kJ тог"! 
Lattice energy of Nal = –699 kJ mol! 
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11. 


12. 


13. 
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Calculate the electron affinity of fluorine atom using the following data. Make 
Born-Haber's cycle. All the values are in kJ mol ! at 25°C. AH gic. (F2) = 160, 
АН? = [NaF] --571, LE. [Nac] = 494, АН ар [Ма] = 101, Lattice energy of 
Мак = -894. 


0.7160 g of a hydrated metallic sulphate М (5О,),18Н,О precipitated 0.7002 g 
of BaSO,. When mixed with K4SO, and crystallised, the metallic sulphate yielded 
an alum isomorphous with potash alum. Find the atomic weight of metal. 

The population of India in 1988 is 800 million. What will be the population in 
2000 and 2100 if there is no effective change in the present growth which is 
25 per thousand per year. 

To make a benzene soluble cement, melt 49 g rosin in an iron pass, and add 28 g 
each shellac and beeswax. How much of each component should be taken to make 
75 kg cement? 

The molar heat capacities of water, Ho; and Оза аге 18, 6.76 апа 6.62 са! 
respectively. The heat of formation of water at 25°С is —68.4 kcal. Calculate its 
heat of formation at 90?C. 

From the following data on distribution of succinic acid between water and 
С,Н,, what conclusions you draw? 

Concentration in water 1.25 2.5 5.0 

Concentration іп СНЕ 4.339 17.36 69.44 


An organic acid is distributed between 500 mL each of a solvent A and water. In 
water it is dissociated. The amount of the acid in aqueous layer was 6.0 g and in 
the solvent layer 0.72 g. If the partition coefficient of the acid between solvent A 
and water is 0.16 in favour of A, calculate the degree of dissociation of acid in 
water. 

Benzoic acid distributes itself between water and benzene in such a way that in 
definite volume of water there are 1.50 g, 1.95 g and 2.97 g of benzoic acid, while 
in same. volumes of С,Н,, there аге 24.2 р, 41.2 р and 97.0 р of benzoic acid 


respectively. What conclusion you draw from these results about molecular state 
of benzoic acid in benzene? 

An aqueous solution of succinic acid at 288 K containing 0.70 g in 10 cm? is in 
equilibrium with etheral solution containing 0.13 g in 10 cm?. What will be the 
concentration of an etheral solution which is in equilibrium with an aqueous 


solution containing 0.024 р in 10 ст”? Assume same molecular state of succinic 
acid in, both solvent. 


А substance is twice soluble in ether as it is in water. The molecular weight being 
the same in both the solvents. Calculate the quantities extracted from v cm" of 


. . a 
aqueous solution by using v cm of ether? 
(a) in single operation, 
(h) in two successive operations. 
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15. 


16.. 


17. 


18. 


At 298 К, an aqueous solution of iodine containing 0.0516 в per litre is in 
equilibrium with ССІ, solution containing 4.412 в of iodine per litre. If the 
solubility of l5 in water is 0.340 g per litre at 298 К, what will be its solubility in 
СС? 


The solubility of а substance is three times as great in ether as in water. Calculate 

the quantities extracted from 100 mL of aqueous solution by using, 

(a) 100 mL of ether is one operation. 

(b) 100 mL of ether in two successive operations, i.e., 50 mL in each. 

(c) what fraction is left unextracted in each case? 

Succinic acid was shaken in a mixture of water and ether. The concentration of 

acid in two layers are as follows: 

C, (water layer per 10 mL) 0.024 g 0.071 0.121 

C» (ether layer per 10 mL) 0.004 g 0.013 0.022 

(i) What is partition coefficient for system in favour of water. 

(ii) If succinic acid has molecular weight 118 in water, find its molecular weight 
in ether. 

Benzoic acid is distributed between water and benzene according to the following 

data: 

Concentration in water 0.013 0.021 0.032 

Concentration in CgH¢ 01818 0.4742 1.101 

Find out molecular weight of benzoic acid in benzene. 
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1. -90.75 kcal тог! ; 2. —1981 kJ тог! ; 
3. -618.7 kJ mol! ; 
4. For СГ =-384 kJ mol !, Г = -307 КЈ mor! ; 
5. БА = 352 КЈ mol! ; 6. 5138 ; 
7. 1040 million, 3040 million ; 
8. 35 kg rosin, 20 kg each of shellac and beeswax ; 
9, —67.88 kcal ; 
10. Succinic acid forms dimer іп СсНБ : 
11. 25% ; 12. Dimer formation in Сен, ; 
13. 446x 1074 gin 10 cm? : 14. (a) 2/3 W, (b) 34W ; 
15. 29.07 g litre! ; 


mà ж 
с е 


Ww AW 


2 21 
. (a) 344 W, (b) а =, (с) (а) 25%, (0) 16% ; 
4 - P] 
. (i) 5.65. (D 18; 18. 1-2, molecular weight = 244 · 
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SOME IMPORTANT. TABLES 


Area 

Volume 
Density 
Velocity 
Acceleration 
Energy 

Force 

Power 
Pressure 
Frequency 
Electric charge 
potential 
difference 


Electrical resistance 


Electrical conductance 


Amount 


Table-1 
Physical Quantities, Symbols and Units 


Physical Quantities |Symbols Symbol of Units 


м «оо» 


= 


< 


< о 


mole 


Square meter 


Cubic meter 


: -3 
kilogram meter ~ 


meter per sec 
meter per sec? 
joule 

newton 

Watt 

pascal 

Hertz 


Coulomb 
Volt 


Ohm 


Siemens 


mole 


E 


kg m? 


ms! 


ms? 

J (kg 11267 ?) 
N (kg ms?) 
W (kg m’s~ 
Pa (N m?) 
Hz (87!) 


3 ог 387) 


C (Ampere second) 


V (kg ms? 

(Y (kg m?s 
-1 

5 (3) 


тэг Weight 
Mol. wt. 


| 


Nes 


-3 А?) 
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Table-2 
Quantities with Traditional Units, SI and CGS. Values 


E Traditional Units SI and CGS Value 


Mass 1.6605 x 10727 kg 
= 1.6605 x 107^ р = 1 amu 


Length À 10710 meter = 10 ст= 1 А 
Volume. litre 10? m? = 10° cm? = 1 litre 


Force dyne 1077 Newton = 1 dyne 


Energy erg 1077 joule = 1 erg 
cal 4.184 joule = 1 cal 

1.602 x 10779 joule = 1 eV 
electron volt "m 
kilo watt hour 3.6 x 107 јоше = 1 KWh 
horse power 2.6845 х 10° joule = 1 hp 


Pressure atmosphere 101325 N m? or pascal = 1 atm 
cm 


13332227 N m? = 1 ст 
mm or torr -2 
bar 133.32237 N m^- 1 mm 
101325 N m > = 1 bar 
Temperature centigrade 273.15 К = ФС 
Electric charge esu 3.3356 x 10 !? C = 1 esu 


Work litre atm 101.3 J = 1 litre atm 


Radioactivity Curie or Ci 3.7 x 1019 арз ог Ва = 1 curie 


ошенаи 106 dps = 106 Ва = 1 rd 





: 
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Table-3 Some direct Conversion factors 


= 107 Joule 
= 2389 x 1077 cal 
i = 6.242 x 10!! ev 

1 calorie = 4.184 x 107 erg 
= 4.184 Joule 
-2.613 x 109 ev 

1 electron volt = 1.6021 x 10792 erg 
= 1.6021 x 107? Joule 
= 3.827 x 10 79 calorie 


1 litre - 1000 mL or cm? 


= 1073 т? 
l, angstrom =10 ст 
= 107! т 
1 nanometer = 10? m 
-1077 ст 
р 1 coulomb = 2.9979 x 10? esu 
1 faraday = 9.6487 x 10* coulomb 


1 curie =3.7x 10! disintegration sec ! 
1 rutherford ='10° dps 





Table-4 Wave Lengths and Frequencies of 
Electromagnetic Radiations 


Radiations Wavelength A (in A) * Frequency (y) 
(in Hz or sec !) 
Radio wave 3 x 10? to 3 x 10? 1х 105 to 1x 10? 
Micro wave 6 x 10° to 3 x 10? 1 x 10? to 5 x 10! ! 


Infra red 3x 10? to 7.6 x 10? 1 x 10!! to 3.95 x 10!" 
Visible rays 3800 to 7600 3.95 x 10! to 7.9 x 10!4 


Ultra violet rays 150 to 3800 79 x 10^ to 2 x 2 x 1016 
X-rays 0.1 to 150 2 x 1018 to 3 x 10? 





Gamma rays (y) 0.01 to 0.1 3x 1019 to 3 10-20 





1. 
2: 
3. 
4. 
5. 
6. 
7. 
8. 


Cosmic rays 0.00 to 0.001 3 x 102! to infinite 
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Tabie-6 


Physical Constants and their Values 










Universal 
gas constant 


. | Boltzmann 


constant 


Planck’s 
constant 


Speed of light 


Molar volume 
at STP 


Avogadro’s No. 


. | Charge on 


electron 


Atomic mass 
unit 

Mass of 
electron in rest 


Mass of proton 


Mass of neutron 


. | Rydberg 


constant 


. | Faraday 


. | Accelaration 
due to gravity 


. | I. Bohr's radius 


(for H) 
Atmospheric 
pressure 
Specific charge 
of electron 


Ice point 


. | Triple point of 


H,O 


SI Unit Value 


8314 х I0 erg К”! 8.314 J К ! mol! 
1.380 х 10715 erg K! |1380x 10 2 JK! 
6.626 х 10777 erg sec 6.626 x 10 7^ J sec 


2.9979 х 1019 ст вес! | 2.9979 x 108 m вес”! 
22414 ст? 0.0224 т? 


6.022169 х 10? mol! | 6.022169 x 1023 тог ! 


4.80291 х 10719 esu 1.60210 x 10? С 
1.660531 x 10 7^ р 1.660531 x 10 7" kg 
9.109558 х 10728 р 9.109558 x 1073! kg 


1.67261 х 10724 р 
1.67492 x 107^ р 


1.67261 x 10777 kg 
1.67492 x 10727 kg 
1.097373 x 107 стг! 1.097373 x 107 т! 


2.89461 х 104 9.6487 x 107 C/kg 
980.665 cm вес 2 9.80665 m sec ? 


0.529 x 1075 ст 0.529 x 10779 m 
1.013250 x 106 дупе cm 1 1.013250 x 107 № m ° 


5.2764 x 10!" esu/g 1.75880 х 10!! C kg ' | 


273.150 K 273.150 K | 
273.16 K 273.16 K 





4) 





ж 
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Table-6 


Elements, their Symbols, Atomic No., Atomic mass and 


isotopes 


Symbol Atomic Atomic *Known 
number mass Isotopes 


Actinium 
Aluminium 
Amercium 
Antimony 
Argon 
Arsenic 
Astatine 
Barium 
Berkelium 
Beryllium 
Bismuth 
Boron 
Bromine 
Cadmium 
Calcium 
Californium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium 
Cobalt 
Copper 
Curium 
Dysprosium 
Einsteinium 
Erbium 
Europium 
Fermium 
Fluorine 
Francium 


*values in parentheses are mass numbers of the most stable or the best known isotopes. 


js 
95 
51 
18 
33 


| 


(227) 
25.9815 
(243) 
121.75 
39.948 
74.9216 
(210) 
137.4 
(247) 
9.0122 
208.980 
10.820 
79.904 
112.40 
40.08 
(251) 
12.01 
140.12 
132.905 
35.453 
51.996 
58.9332 
63.546 
(247) 
162.50 
(294) 
167.26 
152.00 
(253) 
19.0 
(223) 


|| «4 | rnnavuan]| aon een | af] --ын“н - | 


(contd.) 


Gadolinium 
Gallium 
Germanium 
Gold 
Hafnium 
Helium 
Holmium 
Hydrogen 
Indium 
Iodine 
Iridium 

Iron 

Krypton 
Kurchatovium 
Lanthanum 
Lawrenchium 
Lead 

Lithium 
Lutetium 
Magnesium 
Manganese 
Mendelevium 
Mercury 
Molybdenum 
Neodymium 
Neon 
Neptunium 
Nickel 
Niobium 
Nitrogen 
Nobelium 
Osmium 
Oxygen 
Palladium 
Phosphorus 
Platinum 
Plutonium 
Polonium 




















157.25 
69.72 
72.60 

196.67 

178.49 

4.0026 

164.930 

1.00797 

114.81 

126.9044 | 

192.2 | 
55.847 
83.80 

(260) 

183.91 
(257) 
207.19 
6.94 
174.97 
24.312 
54.9380 

(256) 

200.59 
95.94 
144.24 
20.183 
(237) 
58.71 
92.906 
14.0067 
(254) 
190.2 
15.9994 
106.4 
30.9738 
195.09 
(242) 
(210) 


| л-осоос | юе оч | шо лос | аә-ыәқ| — | «гв юю ою о _ юл | жол 


(contd) 


Potassium 
Prascodymium 
Promethium 
Protactinium 
Radium 
Radon 
Rhenium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulphur 
Tantalum 
fechnetium 
Tellurium 
'Terbium 
Thallium 
Thorium 
Thulium 
Tin 
‘Titanium 


Tungusten 


Uranium 
Vanadium 
Xenon 
Ytterbium 
Yttrium 
Zinc 
Zirconium 
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39.102 
140.007 
(147) 
(231) 
(226) 
(222) 
186.2 
102.905 
85.47 
101.07 
150.35 
44.956 
78.96 
28.086 
107.868 
22.9898 
87.62 
32.064 
180.948 
(99) 
127.60 
158.924 
204.37 
232.038 
168.934 
118.69 
47.90 
183.85 
238.03 
50.942 
131.30 
173.40 
88.905 
65.37 
91.22 


л сл = MO — со fh tA 
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Table-7 
Electrochemical Series 


Half reactions Standard reduction potential at 
25°С (in volts) 


Li* +e—> Li 
К+ +e—>K 
Ba” + 2e — Ba 
512" + 2e —> Sr 
Са?* +2е— Ca 
Nat +е—> Ма 
Mg” + 2е —— Mg 
АГ" + Зе——> Al 
Mn?* + 2е— Mn 
Zn?* + 2e —— Zn 
Cr^* + 3e —> Ст 
Fe^* + 2е— Fe 
Cd?* + 2e —5 Cd 
Со + 2e — Co 
Ni2* + 2e—> Ni 
Sn^* + 2e —5 Sn 
Pb?* + 2e —»5 Pb 
2H* + 2e —95 Н, 
8077-26-80 
Си? + 2e — Си 
Fe?* + e —5 Fe” 


Hg?* + ге — 2Hg 


Ag’ +е—— Ag 
Hg” + 2e—— Hg 
P + 2e —À Pt 
Er se oer 
Аи?* + Зе —у Ай: 


Eo ПЕЕ от 
F, + 2e-——> 2F 





ч 
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LOGARITHMS 
5 6 г 8 | 9 .. Mean Differences 

| 1 2.314 5' 017 38. 9 
0212 | 0253 | 0294 | 0334 | 0374 4 8 12|17 21 25129 33 37 
0607 | 0645 | 0682 | 0719 | 0755 |4 8 11115 19 23/26 30 34 
0969 | 1004 | 1038 | 1072 | 110613 7 10|14 17 21124 28 31 
1303 | 1335 | 1367 | 1399 | 143013 6 10/13 16 19123 26 29 
1614 | 1644 | 1673 | 1703 | 1732 [3.6 9112 15 18121 24 27 
1903 | 1931 | 1959 | 1987 (201413 6 8111 14 17120 22 25 
2175 | 2201 | 2227 | 2253 | 227913 5 8111 13 16118 21 24 
2430 | 2455 | 2480 | 2504 | 2529 | 2 5 7 |10 12 15| 17 20 22 
2672 | 2695 | 2718 | 2742 | 2765 |2 5 7|9 12 14116 19 21 
2900 | 2923 | 2945 | 2967 (29892 4 719 11 13116 18 20 
3118 | 3139 | 3160 | 3181 | 320112 4 6 [8 11 13|15 17 19 
3324 | 3345 | 3365 | 3385 | 340412 4 6|8 10 12114 16 18 
3522 | 3541 | 3560 | 3579 | 359812 4 618 10 12114 15 17 
3711 | 3729 | 3747 | 3766 | 37841 2 4 617 9 11113 15 17 
3892 | 3909 | 3927 | 3945 | 396212 4 517 9 11| 12.14 16 
4065 | 4082 | 4099 | 4116 | 413312 3 517 9 10112 14 15 
4232 | 4249 | 4265 | 4281 | 4298| 2 3 517 8 10111 13 15 
4393 | 4409 | 4425 | 4440 | 445612 3 516 8 09111 13 14 
4548 | 4564 | 4579 | 4594 | 46092 3 516 8 9111 12 14 
4698 | 4713 | 4728 | 4421475711 3 416 7 9110 12 13 
4843 | 4857 | 4871 | 4886 | 4900] 1 3 416 7 9 |10 11 13 
4983 | 4997 | 5011 | 5024 | 5038} 1 3 4 |6 7 811011 12 
5119 | 5132 | 5145 | 5159 | 517211 3 4|5 7 8/9 1112 
5250 | 5263 | 5276 | 5289 | 522 | 1 3 415 6 819 10 12 
5378 | 5391 | 5403 | 5416 | 542811 3 415 6 89 10 11 
5502 | 5514 | 5527 | 5539 | 5551} 1 2 415 6 719 10 11 
5623 | 5635 | 5647 | 5658 | 567011 2 4 5-6 718 10 11 
5740 | 5752 | 5763 | 5775 | 578611 2 315 6 7/8 9 10 
5855 | 5866 | 5877 | 5888 | 5899112356 78 9 10 
5966 | 5977 | 5988 | 5999 | 6010] 1 2 3/4 5 78 9 10 
6075 | 6085 | 6096 | 6107 611711 2 314 5 618 9 10 
6180 | 6191 | 6201 | 6212 (622211 2 3/4 5 6/7 8 9 
6284 | 6294 | 6304 | 6314 | 6325] 1 2 3/4 5 617 8 9 
6385 | 6395 | 6405 | 6415 | 6425 |1 2 3/4 5 6/7 8 9 
6484 | 6493 | 6505 | 6513 | 6522]1 2 314 5 647 8 9 
6580 | 6590 | 6599 | 6609 | 661811 2 314 5 617 8 9 
6675 | 6684 | 6693 | 6702 | 6712| 1 2 34567 7 8 
6767 | 6776 | 6785 | 6794 | 680311 2 3/4 5 5 |6 7 8 
6857 | 6866 | 6875 | 6884 | 689311 2 314 4 516 7 8 
6946 | 6955 | 6964 | 6972 | 6981| 1 2 314 4 516 7 8 
7033 | 7042 | 7050 | 7059 | 757 |1 2 3/3 4 516 7 8 
7118 | 7126 | 7135 | 7143 | 7152 | 1 2 313 4 56 7 8 
7202 | 7210 | 7218 | 7226 | 723511 2 213 4 516 7 7 
7284 | 7292 | 7300 | 7308 | 7316/1 2 213 4 5/6 6 7 
7364 | 7372 | 7380 | 7388 | 7396 [1 2 213 4 516 6 7 








| 
| 
| 
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LOGARITHMS 

| o 1 2 3 4 в | 6 7 8 9 

| т,” 3 
55 | 7404 | 7412 | 7419 | 7427 | 7435 | 7443 | 7451 | 7459 | 7466 | 7474 

|| 
56 | 7482 | 7490 | 7497 | 7505 | 7513 | 7520 | 7528 | 7536 | 7543 | 7551 
57 | 7559 | 7566 | 7574 | 7582 | 7589 | 7597 | 7604 | 7612 | 7619 | 7627 
58 |7634 | 7642 | 7649 | 7657 | 7664 | 7672 | 7679 | 7686 | 7694 | 7701 
59 | 7709 | 7716 | 7723 | 7731 | 7738 | 7745 | 7752 | 7760 | 7767 | 7774 
60 | 7782 | 7789 | 7796 | 7803 | 7810 | 7818 | 7825 | 7832 | 7839 | 7846 
61 (е! 7860 | 7868 | 7875 | 7882 | 7889 | 7896 | 7903 | 7910 | 7917 
62 |7924 | 7931 | 7938 | 7945 | 7952 | 7959 | 7966 | 7973 | 7980 | 7987 
63 | 7993 | 8000 | 8007 | 8014 | 8021 | 8028 | 8035 | 8041 | 8048 | 8055 
64 | 8062 | 8069 | 8075 | 8082 | 8089 | 8096 | 8102 | 8109 | 8116 | 8122 
65 | 8129 | 8136 | 8142 | 8149 | 8156 | 8162 | 8169 | 8176 | 8182 | 8189 
66 |8195 | 8202 | 8209 | 8215 | 8222 | 8228 | 8235 | 8241 | 8248 | 8254 
67 ЕЗ 8267 | 8274 | 8280 | 8287 | 8293 | 8299 | 8306 | 8312 | 8319 
68 | 8325 | 8331 | 8338 | 8344 | 8351 | 8357 | 8363 | 8370 | 8376 | 8382 
69 | 8388 | 8395 | 8401 | 8407 | 8414 | 8420 | 8426 | 8432 | 8439 | 8445 
70 | в451 | 8457 | 8463 | 8470 | 8476 | 8482 | 8488 | 8494 | 8500 | 8506 
71 |8513 | 8519 | 8525 | 8531 | 8537 | 8543 | 8549 | 8555 | 8561 | 8567 
72 | 8573 | 8579 | 8585 | 8591 | 8597 | 8603 | 8609 | 8615 | 8621 | 8627 
73 ШЕ 8639 | 8645 | 8651 | 8657. | 8663 | 8669 | 8675 | 8681 | 8686 
74 | 8692 | 8698 | 8704 | 8710 | 8716 | 8722. -8727 | 8733 | 8739 | 8745 
75 |8751 | 8756 | 8762 | 8768 | 8774 | 8779 | 8785 | 8791 | 8797 | 8802 
76 | 8808 | 8814 | 8820 | 8825 | 8831 | 8837 | 8842 | 8848 | 8854 | 8859 
77 | 8865 | 8871 | 8876 | 8882 | 8887 | 8893 | 8899 | 8904 | 8910 | 8915 
тв | 8921 | 8927 | 8932 | 8938 | 8943 | 8949 | 8954 | 8960 | 8965 | 8971 
79 | 8976 | 8982 | 8987 | 8993 | 8998 | 9004 | 9009 | 9015 | 9020 | 9025 
во || 9031 | 9036 | 9042 | 9047 | 9053 | 9058 | 9063 | 9069 | 9074 | 9079 
81 | 9085 | 9090 | 9096 | 9101 | 9106 | 9112 | 9117 | 9122 | 9128 | 9133 
82 | 9138 | 9143 | 9149 | 9154 | 9159 | 9165 | 9170 | 9175 | 9180 | 9186 
83 | 9191 | 9196 | 9201 | 9206 | 9212 | 9217 | 9222 | 9227 | 9232 | 9238 
84 | 9243 | 9248 | 9253 | 9258 | 9263 | 9269 | 9274 | 9279 | 9284 | 9289 
85 | 9294 | 9299 | 9304 | 9309 | 9315 | 9320 | 9325 | 9330 | 9335 | 9340 
86 | 9345 | 9350 | 9355 | 9360 | 9365 | 9370 | 9375 | 9380 | 9385 | 9390 
87 | 9395 | 9400 | 9405 | 9410 | 9415 | 9420 | 9425 | 9430 | 9435 | 9440 
88 | 9445 | 9450 | 9455 | 9460 | 9465 | 9469 | 9474 | 9479 | 9484 | 9489 
89 | 9494 | 9499 | 9504 | 9509 | 9512 | 9518 | 9523 | 9528 | 9532 | 9538 
90 | 9542 | 9547 | 9552 | 9557 | 9562 | 9566 | 9571 | 9576 | 9581 | 9586 

| 
91 | 9590 | 9595 | 9600 | 9605 | 9609 | 9614 | 9619 | 9624 | 9628 | 9633 
92 | 9638 9643 | 9647 | 9652 | 9657 | 9661 | 9666 | 9671 | 9675 | 9680 
93 | 9685 | 9689 | 9694 | 9699 | 9703 | 9708 | 9713 | 9717 | 9722 | 9727 
94 |9731 | 9736 | 9741 | 9745 | 9750 | 9754 | 9759 | 9763 | 9768 | 9773 
95 | 9777 | 9782 | 9786 | 9791 | 9795 | 9800 | 9805 | 9809 | 9814 | 9818 
96 | 9823 | 9827 | 9832 | 9836 | 9841 | 9845 | 9850 | 9854 | 9859 | 9863 
97 | 9868 | 9872 | 9877 | 9881 | 9886 | 9890 | 9894 | 9899 | 4903 | 9908 
98 9912 | 9917 | 9921 | 9926 | 9930 | 9934 | 9939 | 9943 | 9948 | 9952 
99 9956 | 9961 | 9965 | 9969 | 9974 | 9978 | зона | 9987 | 9991 | 9996 





а пи вакс ЕС 


Ea E al 


NR ae ere 


ооо о = 


EM o c o 25 ЕА 25 25-24 EM 25 cx oc CN CLE m m 22282 Say are 5 ЕРТЕ Нм se 


c PE А ЕХ 


Меап Differences 





2 
2 
2 
2 
2 


БІЗ cl MI KT 


m cuc oem 


c^ Aes 


mom m mom m om m m № ммМммм о № № № № ммм о һю бю о о о о о ш о о 


зоо № 


NNN тм тю ою тю мю omo о о о о о о о о о о о о wow о о о о о о о оо aAa 


ю ю м № 


о о о о о о о о о о о о о о о о о о о о оь ARAA ~ A ARARA 


ә ооо 


о о о о о о о шо о A a'a љ Б Б ~ лэ. ~ љ љ љ Б 


о о о о 


о о 


hp DRA ^» DHA ~ љ љ љ љ жы Rw Qoo occ c anna (л c оолло о ооо о о 


[^ a at 


ч о 


ооо С) о оо о о o о ч ~ ~ ~ 


a aA Lh љ а поп т (л (л (л с щл 00 00 ОР щл (л «л щл 


a 120535 љ ~ 


a ма» 


1002 


1026 
1050 
1074 
1099 
1125 


1151 
1178 
1205 
1233 
1262 


1291 
1321 
1352 
1384 
1416 


1449 
1483 
1517 
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1824 
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2000 


2046 
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ANTILOGARITHMS 

Mean Differences 
6 Ч В Pia а ata 5 8172 
3206 | 3214 | 3221 | 3228| 1 1 213 4 4/5 
3281 | 3289 | 3296 | 330411 2 213 4 5/5 
3357 | 3365 | 3373 | 381|1 2 213 4 515 
3436 | 3443 | 3451 | 3459| 1 2 213 4 5 |6 
3516 | 3524 | 3532 | 354011 2 213 4 5/6 
3597 | 3606 | 3614 | 3622 | 1 2 213 4 5/6 
3681 1233 4 516 
3767 16:2::343 -4 жб 
3855 12.14 4.506 
3945 Ујка. 341 55:16 
4036 1 2 34 5 516 
4130 17:2-314 56117 
4227 13127 34 "5: ор? 
4325 12345617 
4426 1-22 314. 52617 
4529 102913114 516117 
4634 Л 72 — 394: 757 + 6 е? 
4742 1-2 314 5 718 
4853 12 314 6 7/8 
4966 То ЗМ/6 1 6 Fins 
5082 12415 6 718 
5200 1 2 415 6 7 
5321 © C26 44752209 2 
5445 Ң J) AMPS 562778 
5572 123 435 8-8 
5702 1 3 415 7 8 
5834 vy №3: 40125" 7 нв 
5970 17227 475 “fee 
6109 а" 4а 6) 7978 
6252 1 3 416 7 9 
6397 1 3 416 7 9 
6546 2193 57068779 
6699 2356 8 9 
6855 2 3 516 8 9 
7015 2 3 516 8 10 
7178 972 Е: 
7345 273 51778740 
7516 273 8-2» 9-10 
7691 2218-8517 79-01 
7870 2.4 ,5Ұ7 9-11 
8054 2 4 6|7 9 11 
8241 2 4 618 9 11 
8433 2 4 618 1012 
8630 2 4 6/8 10 12 
8831 2 4 618 10 12 
9036 2 4 6/8 10 12 
9247 2 4 6/8 11 13 
9462 2 4 719 11 13 
9683 2 4 719 11 13 
Una 222572 7459. НОА 
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